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SUMMARY

PURPOSE

Metro is proposing to amend its Comprehensive Water Pollution Abatement Plan for the
Seattle-King County metropolitan area by adopting a facilities plan that will: (1) upgrade
Metro’s system to secondary treatment and (2) further control combined sewer overflows.
Metro would implement the plan in phases, constructing facilities to serve immediate needs
and constructing additional facilities as needed through 2030,

This supplemental CSO plan compares the combined sewer overflow (CSO) control aspects of
five secondary system alternatives and provides information so that a CSO control plan can
be adopted. The basic purpose of this supplement is to describe and analyze the CSO
control aspects of an additional system plan proposed for study by the City of Seattle and
to compare these CSO control aspects with those of the four secondary system alternatives
previously studied in detail, as described in Volume III of the November 1985 plan.

METHODOLOGY

The proposed CSO control plan has four basic elements: (1) a target goal for reducing
CSOs throughout the Metro system; (2) a set of criteria for evaluating which CSOs to
control and in what order of priority; (3) a planning process for analyzing specific proposed
CSO projects; and (4) an initial group of CSO control projects proposed for implementation
by 1995.

The evaluation criteria and planning process are described in this document. The actual
target goal and initial group of projects will be decided by the Metro Council in July 1986,
after considering the analysis in this volume, the environmental impact statement (EIS), and
related documents, in connection with adopting a secondary treatment facilities plan.
Chapter 1 of this volume explains the nature of the CSO control plan and planning process.

As explained in Chapter 1, the target reduction goal is based on a type of cost-benefit
analysis in which CSO control efforts are carried out until the costs rise disproportionately
to the CSO reduction that can be achieved. The point at which the cost curve rises is
called the "knee of the curve."

In order to estimate the costs of CSO control, representative CSO control projects have
been analyzed. The purposes of developing representative projects include: (1) to see if a
particular CSO is technically capable of being controlled; (2) to estimate the cost of
controlling a CSO; (3) to gain an appreciation at a plan level for the types of environmental
impacts that could be involved; and (4) to use them as the "building blocks" of a planning
process (explained further below).

Representative projects are based primarily on a cost-effectiveness criterion, in other words,
the least expensive control technology for the greatest volume of CSO reduction. For
example, unless separation is more expensive than other technologies for controlling a
particular CSO, separation would be used (separating the sewage and sending it to the
treatment plant, and returning the stormwater to the local drainage system). In certain
locations, there may be reasons for using a different method of control, and the proposed
evaluation criteria allow for making case-by-case judgments.
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Each of the seven secondary system alternatives under consideration by the Metro Council
would reduce CSOs by a certain amount, as a result of the facilities (treatment plants,
conveyance lines, and so on) that would have to be built to implement secondary treatment.
In order to make each system alternative equal for CSO control, it is necessary to
determine what additional CSO control projects could be implemented.

These additional CSO projects are the building blocks referred to earlier. Each
representative project, with its estimated cost, can be added to the next to achieve a
desired level of CSO control. The CSO plan and EIS documents therefore consider a very
wide range of alternatives.

The City of Seattle proposed that goals of 75 and 90 percent CSO volume reduction be
specifically analyzed in the supplemental plan and EIS. The November 1985 CSO control
plan did not select CSO project combinations to achieve specific volume reduction goals, but
instead combined projects only until the knee of the curve was reached. This supplement
therefore analyzes, among other things, the representative projects that could be added to
each of the seven system alternatives to achieve the 75 and 90 percent goals.

Although most of this document and the accompanying documents focus on analysis of

possible control projects for specific CSOs, it is important to remember that these are

repr iv r_plannin r nl r ncil has not decided
to propose or implement anvy particular project, Each CSO that is proposed to be controlled

will receive its own appropriate environmental review, including alternative projects for
controlling the identified CSO and alternative locations for the project, including non-
shoréline and non-park alternatives.

PROJECTS EVALUATED DURING SUPPLEMENTAL CSO CONTROL PLANNING

In addition to the CSO control projects identified in the November 1985 plan, several
additional projects were evaluated, as described below.

The large Duwamish and split Interbay/Duwamish versions of the fifth secondary system
alternative potentially involve construction of a new interceptor that runs in the reverse
direction of the Elliott Bay interceptor (EBI). The portions of the EBI no longer used to
convey sewage could be used for storage of combined sewage during storms. Storage in the
abandoned EBI (12.2 million gallons of storage in the large Duwamish configuration and 6.3
million gallons in the split Interbay/Duwamish configuration) was found to be a
cost-effective CSO control option for the fifth secondary system alternative.

The potential was evaluated for increasing the size of the new regional interceptor and
treatment facilities in the fifth secondary system alternative to handle more combined
sewage flows. In all plant configurations (large Duwamish, large Interbay, and split
Interbay/Duwamish), increasing conveyance capacity to about 457 mgd provided the
least-cost combination of CSO control projects and conveyance capacities. This combination
was the most economical for both 75 percent and 90 percent CSO volume reduction.

Use of large-diameter pipe storage in the vicinity of Alaskan Way was evaluated but found
to be prohibitively expensive. Storage projects in the Kingdome and Diagonal Way areas
were also evaluated. The Kingdome storage project was found to be 116 percent more
costly than the separation project ($41,000,000 versus $19,000,000), and the Diagonal storage
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project was 10 times more costly than separation ($30,000,000 versus $2,900,000). The
abandoned portion of the North interceptor (NI), including the Fort Lawton tunnel, could be
used for storage in the large Duwamish configuration.

Fourteen potential sewer separation projects in the Northern Service Area (NSA) were
evaluated to increase the level of NSA CSO volume reduction to 90 percent. Several of
these, as well as construction of other CSO control projects, would be required to achieve
90 percent NSA CSO volume reduction for all five secondary system alternatives.

Use of portions of the NI, including the Fort Lawton tunnel, as storage would be valid for
the large Duwamish configuration. In the options using an Interbay plant, the Fort Lawton
tunnel would be used for the Interbay plant effluent transport system and could not be used
for storage.

Added NSA storage was considered. Use of the abandoned portion of the NI for storage in
the large Duwamish configuration was effective for both 75 percent and 90 percent CSO
volume reduction. Storage at University was required to achieve 90 percent CSO volume
reduction for all secondary system alternatives.

COSTS

Costs for alternative CSO projects were first compared with a common startup date of 1991.
Representative CSO projects were selected for each secondary alternative. The present-
worth costs of the representative CSO control projects were calculated using phased
construction of the CSO control projects over the next 20 years.

The total present-worth costs of secondary treatment and representative CSO control
components of each of the five secondary system alternatives are:

1988 Present-Worth Costs (in $1.000.000)

Secondary CSO Costs for Total Program Costs for
System Secondary CSO Volume Reduction CSO Volume Reduction
Alternatives Treatment Costs 15% 90% 15% 90%
1 1,416 104 188 1,520 1,604
2 1,232 104 188 1,336 1,420
3 1,309 157 256 1,466 1,565
4 1,116 157 256 1,273 1,372
5 - Large Duwamish 1,467 127 177 1,594 1,644
5 - Large Interbay 1,389 128 200 1,517 1,589
5 - Split Interbay/
Duwamish 1,506 137 206 1,643 1,712

The above CSO control costs differ from those shown in Volume III of the November 1985
plan for several reasons: :

S-3



8 The representative CSO control project combinations used in Volume III for each
secondary system alternative were selected on cost/benefit considerations and did not
provide 75 percent CSO volume reduction in the Northern and Southern Service Areas.

#  The present-worth costs in Volume III were based on construction of all CSO projects
by 1991; the above present-worth costs are based on project-phasing assumptions
compatible with the present-worth costs for the secondary systems.

¥ At the request of the State Department of Ecology (DOE), a treated-CSO outfall has
been extended into Elliott Bay from a Duwamish CSO treatment facility, adding
$19,000,000 to the cost of the facility.

# At the request of the City, the facility that would treat CSO from Denny Way has
been moved from a location under Myrtle Edwards Park to a point 1,000 feet to the
east, at an added cost of $3,200,000 for all five secondary system alternatives.

¥ As a result of improved data and models, the projected quantities of CSO that must be
removed to achieve the target reductions have increased.

Table S-1 summarizes the representative CSO control projects for each secondary system
alternative. The representative projects are those that achieve the target CSO volume
reductions at the lowest cost for each secondary system alternative.

In the November 1985 CSO plan, Metro recommended a level of CSO control based on the
knee of the cost-benefit curve; that is, the point at which costs begin to increase more
rapidly than the corresponding benefits. With this approach, the following CSO reductions
and costs would be experienced (present-worth costs based on phased construction):

- Secondary ‘ Present-Worth
System \' R ion CSO Costs
Alternative NSA SSA Overall (millions, dollars)
2 50 74 69 39
4 42 65 61 51
5 - Duwamish 49 72 68 68

For the representative project combinations shown in Table S-1, the overall reduction in the
CSO pollutant loadings is similar for each of the secondary system alternatives, although
system alternatives 1, 2 and 5 provide slightly greater reductions. The CSO-related loadings
to individual freshwaters are essentially equal for the five secondary system
alternatives/representative CSO project combinations. The locations of the loadings to the
saltwaters differ in that secondary system alternatives 1, 2, and 5 transfer more of the
reduced CSO loadings to central Puget Sound than do alternatives 3 and 4. As a result, the
CSO-related loadings to Elliott Bay are less for system alternatives 1, 2 and 5 than they are
for system alternatives 3 and 4. There are no data that indicate these differences in CSO-
related loadings would be of any water quality significance.
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CHAPTER 1

INTRODUCTION

THE COMBINED SEWER OVERFLOW PROBLEM

Substantial portions of Seattle are served by sewers that convey both sewage and stormwater.
Overflows caused by excess stormwater in the combined sewers in the Seattle system have
impacted water quality along the shorelines of Lakes Washington and Union, the Ship Canal,
the lower Duwamish River, Elliott Bay, and Puget Sound beaches in West Seattle and Magnolia.
The location, frequency and volume of combined sewer overflow (CSO) have been greatly
reduced in recent years through City of Seattle projects such as sewer separation and
construction of special storage tanks, and Metro projects such as pumping station upgrades
and operation of a computer-control system known as CATAD that regulates flows in the
sewerage system to get maximum use of storage capacities in the existing pipes. All CSO
along Lake Washington and West Seattle beaches has been controlled to at least the one-year
storm level.

While much progress has been made, overflows persist. In an average rainfall year, over 2
billion gallons of untreated sewage mixed with stormwater still spill from 20 CSO points in
Metro’s West Point collection system. Additional overflows occur through City of Seattle CSO
points. Of the Metro total, about 460 million gallons overflow in the Ship Canal and Lake
Union, while 1,900 million gallons spill into the lower Duwamish River and Elliott Bay. Figure
1-1 summarizes the locations and volumes of the major overflows. Volume III of the
November 1985 facilities plan contains detailed information on the physical characteristics of
the Metro collection system and the existing CSO. As shown in Volume III, the major CSO
locations identified for potential control (in decreasing order to magnitude of CSO volume)
are: Hanford, Denny Way, Michigan Avenue, University Way N.E., Third Avenue West, Lander,
Connecticut, Ballard, King Street, Harbor, Chelan, and Brandon. The State of Washington
requires ". . . the greatest reasonable reduction of combined sewer overflow at the earliest
possible date."

DESCRIPTION OF PR E T PLAN
Metro’s proposed CSO control plan has four basic elements:
¥ A target reduction for CSOs.

B A set of evaluation criteria for selecting the CSOs to be controlled and the priority of
CSO control projects.

# A planning process for making project-specific decisions in the future.

#  An initial group of projects to be implemented by 1995,

A target reduction goal involves the adoption by the Metro Council of a systemwide target
goal (in percentage) for reducing CSOs over a period of time to be specified by the Metro

Council, along with an initial group of projects to be operating by 1995 based on the analysis
in the planning process and environmental evaluation.
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The goal would be selected by determining the knee of the curve in the cost of the
representative CSO projects for whichever secondary treatment facilities plan is adopted by
the Council (see explanation in the Summary to this volume). The knee of the curve, and the
corresponding numerical goal, may change as projects are implemented, because the actual
projects and costs may differ from representative projects after project-level evaluation of
costs, technology, and other evaluation criteria specified in Chapter 3.

LANNING PROCE ND EVALUATION CRITERIA

The planning process for implementing the CSO control plan establishes requirements to: (1)
identify the CSOs to be controlled; (2) identify and evaluate representative projects which
show that it is possible to control the identified CSOs; (3) evaluate the costs and impacts in
achieving varying reductions in CSO volume, based on a cost-benefit/knee-of-the-curve
analysis; (4) consider criteria for evaluation of specific CSOs to control, and their priority in
the overall plan; and (5) select a plan that will establish the level of CSO control that
represents the greatest reasonable reduction, taking into account both environmental and
economic considerations.

In developing a list of recommended CSO control projects for the plan, a number of evaluation
criteria were considered and are discussed in Chapter 3. During implementation of the plan,
further evaluation of individual CSO control projects will be conducted. This will include
analysis of alternative projects and project locations (including non-shoreline and non-park
alternatives), additional public participation, and monitoring the CSO projects effectiveness.
Advantages inherent to specific projects will be assessed in terms of their impacts on the
environment, their cost-effectiveness in the overall scope of the plan, and the effect of their
cost-effectiveness on the established cost-benefit curve. As the evaluation criteria are applied
to a-project, appropriate project-specific technology will be assessed.

' _In November 1985, Metro established a five-volume plan for secondary treatment and CSO

control. This plan presented four alternative secondary system configurations and
representative CSO control projects that could be used with each secondary configuration.

Under terms of a two-party Memorandum of Agreement, the City of Seattle and Metro agreed
in January 1986 to study additional alternatives for secondary treatment and CSO control.
The Memorandum of Agreement called for preparation of a supplemental environmental impact
statement on a fifth secondary system alternative in which the West Point treatment facilities
would be relocated to a non-shoreline site. The Memorandum of Agreement also called for
added studies of CSO control alternatives associated with this fifth alternative, to supplement
the information on CSO control alternatives presented in Volume III of the November plan and
to refine the earlier evaluation of CSO control alternatives associated with the other four
secondary system alternatives.

The November plan and related technical memoranda described the types of and environmental
differences among CSO control technologies, as well as representative projects that could be
used with the first four secondary system alternatives to reduce the identified CSOs. This
draft supplemental plan has been prepared so that the CSO control aspects of all five
secondary system alternatives can be compared.

This supplement identifies representative CSO control projects that can be used with the fifth
secondary system alternative. As in the November plan, these representative projects
constitute "building blocks" that can be combined in different ways to produce levels of CSO
control ranging from 0 to 100 percent. For purposes of comparison, representative CSO
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control projects are identified for each secondary system alternative to achieve targets of 75
and 90 percent CSO volume reduction. There will be additional planning and project analysis
during the implementation of the selected secondary treatment and CSO control plan.

This supplement presents refined and added information (as described in the following section)
on CSO control alternatives for the first four secondary system alternatives, so that all five
alternatives can be compared on an equitable basis. Volume III of the November facilities
plan identified representative CSO control projects for each of the four secondary system
alternatives. Those projects were not selected to achieve the target goals of 75 and 90
percent volume reduction being used for comparisons in this supplement. Instead,
representative projects were selected based on the "knee-of-the-curve" concept; that is,
representative projects were combined until the cost-benefit curve showed a sharp increase
indicating that the benefits were no longer proportional to the added costs. As a result, the
combinations of representative projects achieved similar, but not identical, volume reductions
for each of the four secondary system alternatives. Also, Volume III did not identify
representative projects that could achieve 90 percent CSO volume reduction in the NSA. The
CSO alternatives described in Volume III were evaluated further in preparation of this
supplement by:

#  Identifying representative CSO projects to achieve the target goals of 75 and 90 percent
CSO reduction in both the SSA and the NSA.

¥  Applying refined computer models.

#  Applying the newly developed pollutant loading model.

SCOPE QF THE SUPPLEMENT

‘Th_c scope of the CSO studies performed for this supplement is summarized below:

# Modify the computer models used to predict CSO discharges. Increase the level of detail
and update previously used data on the sewage system and drainage areas to enhance the

analysis of CSO at individual overflow points.

#  Modify the computer models to calculate pollutant loadings at each individual CSO
discharge point.

#  Evaluate representative CSO projects identified in the November 1985 plan using the
modified models.

# Develop and evaluate representative CSO alternatives for the fifth secondary system
alternative,

¥  Describe representative CSO control facilities to achieve 75 and 90 percent CSO volume
reduction for each of the five secondary system alternatives.

#  Present the costs and pollutant loadings associated with the above CSO control facilities.
$# Compare the CSO control facilities with previously developed evaluation criteria.

#  Develop proposed priority of CSO projects for each secondary system alternative,
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ORGANIZATION OF THE SUPPLEMENT TO THE PLAN FOR CSO CONTROL

This supplement has been prepared as a summary document. It is intended to inform the
decision-makers and the public about the technical and economic aspects of the CSO control
alternatives. More detailed information about specific aspects of the planning work is
included in a number of technical memoranda and the final EIS.

This document is organized in five chapters. To aid the reader in locating specific
information, a brief description of each chapter is presented. The following chapters are
included in this volume:

Chapter 1 - Introduction:

This chapter presents the purpose and scope of the effort and an introduction to
the contents of the report.

Chapter 2 - CSO Control Alternatives for Secondary System Alternative 5:
This chapter describes the CSO control alternatives for the fifth secondary system
alternative and their costs. ’

Chapter 3 - Evaluation of CSO Control Alternatives for Secondary System Alternative 5:
Representative CSO control projects are evaluated and a group of representative
CSO projects selected for each configuration of the fifth secondary system
alternative.

Chapter 4 - Evaluation of Secondary System Alternatives 1 Through 4:
This chapter describes the results obtained when refined computer models were
applied to CSO control alternatives for the first four secondary system
alternatives.

Chapter 5 - Comparison of CSO Control Aspects of Secondary System Alternatives:
This chapter compares the representative project combinations to achieve various
levels of CSO control for each secondary system alternative and the effects on
pollutant loadings. Two targets used for comparing the secondary system
alternatives are 75 and 90 percent CSO volume reductions.
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CHAPTER 2

CSO CONTROL ALTERNATIVES FOR SECONDARY SYSTEM ALTERNATIVE §

SECONDARY SYSTEM ALTERNATIVE 5

The supplement to the plan for secondary treatment facilities fully defines the fifth secondary
system alternative. The following abbreviated descriptions and Figure 2-1 define the terms
used in this volume to identify the three variations of the fifth secondary system alternative
evaluated in the supplement to the secondary facilities plan:

# Large Duwamish--
This alternative would relocate the West Point plant to the Duwamish site, D-9, and the
flows would be conveyed through a new interceptor that would generally parallel the
Elliott Bay interceptor (EBI).

# Large Interbay--
This configuration would relocate the West Point plant to a site at Interbay, and the
current West Point flows would be conveyed in the existing EBI and the existing North
interceptor (NI).

#  Split Interbay/Duwamish--
In this alternative, the West Point flow would be split between a treatment facility
located at the Duwamish site and a treatment facility at Interbay. As in the above
configurations, the West Point plant would be removed or relocated. Southern Service
. Area (SSA) flows from King Street and to the south would flow to the Duwamish plant.

In all variations of the fifth secondary system alternative, sewage flows from the existing
Carkeek and Alki treatment plants. would be conveyed to the Duwamish and/or Interbay plants
for treatment.

CSO CONTROL ALTERNATIVES

Representative Projects Described in the November 1985 Plan

In the November 1985 plan, the following representative CSO projects were described in
Volume III as providing the most economical way to achieve 70 to 75 percent reduction in
CSO volume:

#  Hanford Separation--The stormwater separation project in the Rainier Valley would be
completed by installing a new sanitary sewer inside the existing tunnel used to convey
combined flows from the valley to the EBI. Reactivation of the Bayview tunnel may
provide added CSO reduction and increased cost-effectiveness.

B CATAD Improvements--Modifications to the CATAD control system would more fully
utilize storage capacity in existing sewers.

g Diagonal Separation--This project would complete the separation of sanitary and storm
drainage by installing new sanitary sewers in about 720 acres of combined or partially
separated industrial area.
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Kingdome/Industrial Area Separation--New sanitary sewers would be constructed to

separate the sanitary flows from the storm runoff in about 970 industrial acres connected
to combined sewers,

University Regulator CSO Control (Greenlake/I-5 Separation)--Storm runoff from the
Densmore drain, I-5, Ravenna Park, and outflow from Green Lake would be diverted from

the NI system to a new storm drain. The route and discharge location of the storm
drain is now under study by Metro.

Denny CSO Treatment Facility--The substantial CSO from the Denny Way CSO regulator
would be conveyed to a new CSO treatment facility where at least the equivalent of
primary treatment would be provided. The precise treatment process to be used would be
determined in predesign. For use as a representative project, swirl concentrators and
microscreens have been used, with treatment effect assumed to be the same.as primary
clarification. Three locations were considered for the treatment plant: under Myrtle
Edwards Park; on a site on the land side of the railroad tracks about 1,000 feet from the
regulator; and in the vicinity of the Interbay pumping station. At the request of the
City of Seattle, the location 1,000 feet from the regulator is used as the basis for the
cost estimates in this addendum. These costs are $3,200,000 higher than the cost of the
Denny Way facility located under Myrtle Edwards Park as described in Volume III. CSO
treatment plants and marine outfalls, unlike sanitary sewage treatment plants, discharge
infrequently. Between discharges, saltwater fills the outfall and marine growths reduce
the outflow capacity. To control these growths, the diffusers would be provided with
weighted flap valves, and a chlorine solution line would be provided in the outfall to
maintain a chlorine residual in the idle outfall pipe. In addition to costs shown in the
November 1985 plan, preliminary estimates indicate that an added $450,000 may be
required for odor control equipment comparable to that now being considered in the
secondary plan.

Duwamish CSO Treatment Facility--A CSO treatment facility would be located near the
Duwamish pumping station. The treated CSO would be conveyed to Elliott Bay in the
vicinity of King Street. The outfail would be treated in a similar manner to that
described for the Denny CSO treatment plant. Odor control could add another $600,000
to the costs shown for this project in the 1985 plan.

Parallel Fort Lawton Tunnel--A parallel tunnel would allow increased flows to West Point.
Because West Point is relocated in all variations of the fifth secondary system
alternative, this alternative applies only to secondary system alternatives 1 through 4.

University Regulator Storage--This project, involving 20 MG of storage in a University of
Washington parking area, was described and evaluated in Volume III of the November
1985 CSO control plan. This option was not recommended in that report, because it was
not needed for the levels of CSO control evaluated in Volume III. It is needed if the 75
percent and 90 percent CSO reductions must be met in the Northern Service Area (NSA).
The location of the storage will need to be reviewed during predesign because of
subsurface conditions and concerns expressed by the University over the site identified in
Volume III. Odor control costs could add another $2,200,000 to the costs shown for this
project in the 1985 plan.



her ntrol Alternatives

In addition to the CSO projects listed above, the following alternatives were evaluated for
secondary system alternative 5.

Enlarged Regional Conveyance and Treatment Capacities--

Secondary system alternative 5 includes new regional interceptors and new regional treatment
plants not found in the other four secondary system alternatives. If the new regional
conveyance and treatment facilities were increased in size beyond the base case system needed
to convey and treat sanitary base flows, CSO would be reduced. To test the economic
feasibility of this approach, costs were estimated by the secondary planning team (see
Appendix B) to increase the size of the regional facilities to convey and treat the flows
associated with design storms 2, 4 and 6. Design storms 1 and 7 were both larger than storm
6 and resulted in peak flows that clearly were not practical to convey or store. The total
flows associated with the other design storms and the base case were:

Storm Peak Flow Rate (mgd)
Base Case 371
2 457
4 682
6 989

For alternatives incorporating larger regional conveyance facilities, one concept considered was
to design the treatment plant facilities so that the series operation of the primary clarifiers
with the secondary biological treatment plant became parallel operation of the primary clari-
fiers and biological treatment plant during storm events. In this manner the 371 mgd plant
capacity could be doubled to 742 mgd when treating combined sewage. All flows would be
treated with screens and grit removal. Flows in excess of 371 mgd would bypass the primary
clarifiers to the biological treatment process. An equal amount of primary effluent flow would
bypass the biological treatment process. The plant operation would gradually change from a
series flow through the process up to 371 mgd; to a mixture of series and parallel operation
between 371 mgd and 741 mgd; and ultimately to all parallel flow operation at 742 mgd. For
the split Interbay/Duwamish configuration, the Duwamish plant could process up to 250 mgd
(125 mgd of CSO). The Interbay plant could process 492-mgd (246 mgd of CSO).

The relative economics of parallel operation can be determined by comparing the costs (see
Appendix B) of primary clarifiers associated with the "additional CSO treatment" for the
various conveyance levels up to the 371 mgd CSO capacity with the cost of parallel operation.
Parallel operation of the treatment plants requires that the pretreatment facilities be enlarged
to a capacity greater than that required for secondary treatment only (screening, grit
removal). The secondary treatment process proposed by the secondary team is a combination
of trickling filters and activated sludge. Trickling filters require pretreatment beyond coarse
screening and grit removal since a significant quantity of debris escapes and would accumulate
in the trickling filter media. Bypassing the primary clarifiers straight to aeration tanks in
activated sludge would be an acceptable practice; but with trickling filters, fine screens are
required. When the costs for fine screens are considered, parallel operation is not competitive
with the costs shown in Appendix B for added treatment capacity. Thus, costs for added
treatment capacity are those defined in Appendix B.

Southern Service Area--
The following projects were developed as alternatives for the comparative targets of 75
percent and 90 percent CSO volume reduction in the SSA.
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Use of Portions of the EBI for Storage--The large Duwamish configuration would result
in abandoning two major interceptor segments on the EBI and NI because new
conveyance facilities would be provided. The split Interbay/Duwamish configuration
would result in abandoning a segment of the EBI. The secondary planning team is
considering several conveyance alternatives to convey flow from Interbay to the south.
Some alternatives may use portions of the EBI, eliminating them for storage. Should
those options be implemented, substitute CSO control projects would be required to
achieve the same level of CSO volume reduction.

In the option maximizing the storage potential in the EBI, flows would be conveyed from
the NSA and SSA to the Duwamish site by a deep tunnel. The secondary plan is based
on conveying SSA flows via the EBI to a single portal at the Interbay pumping station.
At that point, the SSA flows would enter the deep tunnel. In order to use the EBI for
storage, several portals or "adits" would be required and are included in the CSO control
costs.

In the large Duwamish configuration, the segment of the EBI from the Interbay pumping
station to the Duwamish site would be available for CSO storage. This segment is shown
in Figure 2-2. It has been assumed that the EBI would not be surcharged and that
bulkheads with control valves would be constructed at Denny Way, South King Street,
and Hanford Street. A storage volume of 122 MG would be available. Stored flow
would be returned to the new south-flowing sewer by gravity.

Also shown in Figure 2-2 is the portion of the tunnel available for storage under the
split Interbay/Duwamish configuration. The remaining volume available for storage
between Myrtle Edwards Park and Duwamish would be 6.3 MG. A portion of this flow
could be returned by gravity; however, the residual below the normal flow line would
need to be pumped back to the EBI. A 10 mgd package pumping station is included in
the cost estimate. The split Interbay/Duwamish option reverses the flows from King
Street south to the Duwamish site. The Pike Street adit north would be conveyed to an
Interbay plant. The secondary planning team proposes to convey sewage from King
Street south with 36- to 66-inch sewers sized only for base flows. It would be
necessary to increase the size of these pipes to 60 to 90 inches, at an increased cost of
$15,000,000, to optimize the CSO benefits of the split plant configuration.

The capital and operating costs for storage under the two configurations are shown in
Tables 2-1 and 2-2. The portions of the EBI used for storage would receive flow only
intermittently. They would be flushed with fresh water at thc end of each storage
period in order to control odors between uses. When in use, odor generation would be
comparable to the present when wastewater is flowing through the line.

Consideration was also given to storage in an enlarged deep tunnel. The present plan
uses 33,000 feet of 114-inch tunnel. A 132-inch tunnel would provide about 7 MG of
storage over the conveyance capacity planned. The added cost is estimated to be
$21,000,000, or $3 per gallon. The storage volume is forecast to reduce CSO volume by
100 MG per year. The unit cost for the enlarged tunnel would be $210,000 per million
gallons of CSO volume reduction. This is higher than most SSA CSO volume reduction
projects. '

In the split plant alternative, the flows being carried northerly by the Interbay p}xmpir}g
station are based on the same Interbay pumping station capacity (21 mgd) described in
Volume II of this supplement.
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TABLE 2-1

ESTIMATED COSTS FOR

EBI STORAGE, LARGE DUWAMISH CONFIGURATION

CAPITAL COSTS

Adits from Existing Regulators to Deep Tunnel
Bulkheads and Control Weirs
Regulator to Deep Tunnel
Electrical, Instrumentation and Telemetry
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)
ESTIMATED PROJECT COSTS

PERATING COST
Labor
Treat Stored Water, 600 MG/yr. @ $300/MG
Miscellaneous

ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS

EQUIPMENT REPLACEMENT
TOTAL PRESENT WORTH

$ 5,200,000
60,000
250,000
——40.000
$ 5,550,000
120,000

400,000
$10,840,000

$ 30,000

180,000
— 30,000
$ 240,000
$ 340,000

$ 6,960,000
$ 0
$17,800,000
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TABLE 2-2

ESTIMATED COSTS FOR

EBI STORAGE, SPLIT INTERBAY/DUWAMISH CONFIGURATION

APITA T

Bulkheads and Control Weirs
Pumping Station Return to EBI
Electrical, Instrumentation and Telemetry
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)
ESTIMATED PROJECT COSTS

QPERATING COSTS

Labor
Treat Stored Water, 500 MG/yr. @ $300/MG
Miscellaneous
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS
EQUIPMENT REPLACEMENT °
Pumping Station, 2010

TOTAL PRESENT WORTH

$ 60,000
1,000,000

200,000
$1,260,000
290,000

750,000
$2,300,000

$ 55,000
150,000

—33.000
$ 240,000
$ 340.000

$6,960,000

$ 375.000
$9,635,000
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Storage Projects in the Kingdome and Diagonal Basins--Storage projects were evaluated
as an alternative to separating sewers in these basins, The storage projects were sized
to provide approximately the same CSO reductions as the separation projects. The
Kingdome (King County Stadium) has a large parking area that may provide space for
underground storage facilities. The location of the proposed storage is shown in Figure
2-3. The south section of the parking area was chosen because other areas of the lot
are now under consideration for construction of other facilities. Flow into the storage
structure would be by gravity, and would be controlled by a new regulator station on the
EBI. Flow from storage would be pumped back into the EBI. Figure 2-4 presents a
schematic of the facility.

The required 15 MG storage volume would be accommodated in a subsurface structure,
with an average water depth of 15 feet and a total area of 135,000 square feet. The
structure would be divided into a series of separate chambers, with baffles and control
gates to allow sequential filling and draining. Access would be provided to allow
washdown and other operation and maintenance. Table 2-3 contains cost estimates for
the 15 MG facility, based on cast-in-place concrete construction supported by pilings.
Preliminary estimates of potential odor control costs indicate that about $1,500,000 of
added costs might be needed at this location.

The concept used to evaluate storage in the Diagonal area requires construction of relief
sewers along Diagonal Avenue South and a storage facility constructed at the site of the
Duwamish pumping station at East Marginal Way South and Diagonal Avenue South. The
storage facility would be a 10 MG buried rectangular structure, as shown in Figure 2-5.
Flow into and out of the structure would be by gravity. The storage is based on the
approximately 8 feet of water surface elevation fluctuation available from the invert of
the inlet sewer to the top of the wet well (see Figure 2-6). The high level would be
about 10 to 12 feet lower than the existing ground elevation, so the structure would be

“completely buried, leaving the land above it available for other uses.

The storage basin would be divided into compartments. Flow into the structure would be
through a regulator constructed on the lateral pipe connected to the 60-inch interceptor
just ahead of the pumping station. An automatic gate would be opened when necessary
to allow flows into the storage basin. Each compartment would also be equipped with a
gate at its entrance in order to allow controlled sequential filling and draining. The
compartments would be filled when the wet well reached its maximum water level. When
called for by the system controller, the wet-well level would be allowed to drop, allowing
the sewage to be drained from the storage structure. Multiple access points would be
incorporated in order to allow periodic washdown and maintenance.

Table 2-4 contains estimated construction and operating costs for the Diagonal Avenue
South relief sewer and the 10 MG storage facility. Costs are based on a cast-in-place
structure supported by pilings. Odor control costs have been preliminarily estimated as
$1,100,000 for this location and would be in addition to those in Table 2-4.

Alaskan Way Storage--This alternative involves the use of large-diameter (60- to 120-
inch-diameter) pipes placed under streets along the waterfront between the southern
boundary of Myrtle Edwards Park and South Royal Brougham Way. Figure 2-7 shows the
location of each of the nine segments of the storage pipes. Segments 1 and 9 in-clude
piles to support the storage pipes. Table 2-5 presents the estimated costs. The costs
are equivalent to $6.30/gallon of storage, about three times the unit cost of most other
storage projects. Because of the high cost, and the disruption that would be caused
during construction, this project was not used as a representative CSO control project.
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TABLE 2-3

ESTIMATED COSTS FOR
KINGDOME STORAGE

PRESENT-WORTH O&M COSTS
IPMENT REP EMEN
Pumping Station

TOTAL PRESENT WORTH

CAPITAL COSTS

Storage
Excavation $ 1,200,000
Dewatering 450,000
Sheeting 900,000
Piling 3,900,000
Concrete 7,200,000
Pavement Replacement 300,000

Pumping Station 1,500,000

Diversion Structure 150,000

Miscellaneous Site Work 2,250,000
Subtotal $17,850,000
Inflation to Mid-1988 (23%) 4,050,000
Allied Costs (59%) _12.900.000

ESTIMATED PROJECT COSTS $34,800,000

QPERATING COSTS

Labor : . $ 120,000

Miscellaneous : 9,000

- Treatment Costs, 250 MG/yr. @ $300/MG yi

ESTIMATED ANNUAL O&M COSTS, 1985 $ 204,000
ESTIMATED ANNUAL O&M COSTS, 1991 $ 289,000

$ 5,920,000

$_375.000
$41,095,000
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TABLE 2-4

ESTIMATED COSTS FOR
DIAGONAL STORAGE, 10 MG

CAPITAL COSTS

Storage--10 MG
36-Inch Gravity Sewer
Dewatering
Excavation
Piling
Sheeting
Concrete

Regulator

Site Work
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS

QOPERATING COSTS
Labor
Miscellaneous

Treatment Cost, 100 MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS
P R N

TOTAL PRESENT WORTH

$ 650,000

400,000
900,000
1,800,000
500,000
9,000,000

50,000
0

$14,300,000

3,290,000

10.400.000
$27,990,000

$

$
$

20,000
10,000

60,000
85,000

$ 1,740,000

I
$29,730,000
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# Duwamish CSQO Treatment--There are several options for providing CSO treatment near
the Duwamish waterway. When the new regional sewers are increased in capacity to
convey more combined sewage (flows greater than base flows) to the treatment plants,
the increases in primary clarifier surface area shown in Appendix B will provide added
capacity for CSO treatment. For the base case alternative (sewers sized for base flows)
with ~ the large Duwamish secondary treatment plant, the parallel primary
treatment-secondary treatment configuration (using fine screens to protect the TF/SG
process) could be used to treat up to an additional 371 mgd of CSO over and above the
base sewage flow. In predesign, other treatment options for added CSO flow should be
evaluated. Increased conveyance facilities to and from the plant would be required.
With the Duwamish plant under the split Interbay/Duwamish configuration, an additional
125 mgd of CSO could be treated. With no Duwamish plant, a separate CSO treatment
facility at Duwamish would be required. The outfall from a Duwamish CSO plant must be
constructed in conjunction with either the secondary plant outfall or a separate outfall
to Elliott Bay.

LARGE LARGE SPLIT
INTERBAY DUWAMISH INTERBAY/DUWAMISH
Added Treatment at Added Treatmentat
Plant Separate CSO Duwamish Secondary Duwamish Secondary
Plant at Duwamish Plant for CSO Plant for CSO
Outfall To Elliott Bay Enlarge Secondary Enlarge Secondary
Qutfall Outfall
CSO Capacity 100 mgd‘ 371 mgd 125 mgd

The costs for the various CSO treatment options for the base case sewer sizing alternative at
the Duwamish area, are shown in Table 2-6.

Alternative locations for the CSO treatment plant are available. Sites to the north (near

Hanford or the Kingdome) offer a potential saving by reducing the length of the outfall and
new influent sewers, and should be considered in predesign if a system 5 alternative with
regional sewers sized for base flows is selected.

Northern Service Area--
The following projects were developed as representative alternatives for meeting the
comparative targets of 75 percent and 90 percent CSO volume reduction in the NSA.

#  Storage Projects in the NSA--The potential for storage projects beyond those evaluated
in the November 1985 plan was evaluated, and five projects were developed for
consideration for reaching 90 percent CSO reduction:

North Interceptor Storage--In the large Duwamish alternative, the portion of the NI
downstream of the junction with the EBI would be abandoned. All flows east (upstream)
of the EBI would be conveyed south from that point. All flows west (downstream) of the
EBI would be conveyed back to that junction in new pipelines.
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TABLE 2-6

ESTIMATED COSTS FOR CSO TREATMENT AT DUWAMISH

WHEN SEWER SYSTEM SIZED FOR BASE FLOWS

Duwamish CSO Costs for
Secondary System Alternative 5 ($1.000)

Large Large Split Interbay/

Interbay Duwamish Duwamish

CAPITAL COSTS
Incoming Sewers 9,200 3,622 10,682
Influent Pumping 1,750 4,400 4,400
Treatment Plant @ Duwamish 21,970 5,000 9,000
Effluent Pumping - 7,378 7,378
Qutfall 11,910 _5.10 11,910
Subtotal 44,830 25,500 43,370
Inflation to Mid-1988 (23%) 55,140 31,400 53,300
Allied Costs (59%) 32,530 18,500 31.500
ESTIMATED PROJECT COSTS 87,670 49,900 84,800

P TI T
Labor 90 68 80
Miscellaneous 13 15 28
Treatment ' 20 _20 _20
ESTIMATED ANNUAL O&M, 1988 123 103 128
ESTIMATED ANNUAL O&M, 1991 177 148 160
PRESENT-WORTH O&M COSTS 3,780 3,170 3,430
EQUI T RE EMEN 2250 __500 1.500
TOTAL PRESENT WORTH (1988) 93,700 53,600 89,730
2-20




Approximately 13,700 feet of 138-inch and 144-inch pipe, including the Fort Lawton
tunnel, would be isolated for this project, as shown in Figure 2-8. The available storage,
assuming use of the entire pipe volume, is 11.2 MG. A 24-inch pipe would be laid inside
the storage pipe so that the volume stored could be pumped out to the large Duwamish
treatment plant when capacity was available in the conveyance system.

Two points of concern have been expressed about using the abandoned Fort Lawton
tunnel for storage:

. There is concern that the Fort Lawton tunnel might not be structurally capable of
taking hydraulic surge pressures associated with pump failure, or sudden velocity
changes when used for effluent transport. If used for storage, the sewer would be
statically surcharged by 4 feet at its lower end, or a series of internal check dams
would be required to avoid surcharging the pipe. Surcharging the sewer 4 feet
would represent 250 pounds of internal pressure per foot of pipe, or the equivalent
of about 2 feet of soil cover over the pipe to offset the uplift force. The concern
about surcharging addresses dynamic surges only and does not apply to use of the
abandoned sewer for storage, with occasional small static surcharges.

° There is concern that the wet-dry exposure to the brick and mortar would cause
mortar to fail and bricks to come loose. The brick tunnel invert lies roughly at sea
level. Groundwater levels are at the same level or higher. At present the crown
of the sewer is exposed to air, but in a 100 percent relative humidity environment.
Should the groundwater not be sufficient to keep the bricks and mortar wet at all
times, it might be necessary to retain a pool of water in the sewer to maintain a
moist environment,

The total present worth of the project, shown in Table 2-7, is $7,560,000. Should it be

. decided that lining the tunnel with an interior steel plate is required, the associated

project costs are estimated to be $15,000,000 more.

Dexter Regulator--A storage site in the area draining toward the Dexter regulator station
was proposed in the November 1985 CSO control plan. That storage project, however,
called for transfer of stored combined sewage to the EBI via the Lake Union tunnel.
Since the capacity of the tunnel is completely used during some storms, a second site
was sought that did not use the tunnel.

The alternative storage project developed in this task would provide 2.5 MG of volume
immediately adjacent to the Dexter regulator in the block bounded by Dexter Avenue
North and 8th Avenue North, and Garfield and Galer Streets, as shown in Figure 2-9.
The underground storage facility would be gravity-fed, using a diversion structure on the
CSO outfall on Galer Street. When capacity was available in the Central interceptor
(CI), the stored combined sewage would be pumped back into the interceptor at an
existing manhole in Garfield Strect.

The total present worth of the project is $6,480,000, as shown in Table 2-8.
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TABLE 2-7

ESTIMATED COSTS FOR 11.2 MG STORAGE

IN NORTH INTERCEPTOR DOWNSTREAM OF EBI

CAPITAL COSTS

Lay 24-Inch Pipe Inside North Interceptor
Pumping Station, 6 mgd
Miscellaneous

Subtotal

Inflation to Mid-1988 (23%)

Allied Costs (59%)

ESTIMATED PROJECT COSTS

PERATIN T

Labor

Miscellaneous

Treatment Cost, 60 MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS

EQUIPMENT REPLACEMENT

Pumping Station

TOTAL PRESENT WORTH

$1,640,000
900,000
460,000
$3,000,000
696,000
2,180,000

$5,870,000

$ 20,000
10,000
18.000

$ 48,000
68,000

$1,390,000

$ 300,000
$7,560,000
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TABLE 2-8

ESTIMATED COSTS FOR 2.5 MG
STORAGE NEAR DEXTER REGULATOR

CAPITAL COSTS

Storage
Excavation
Dewatering
Piling
Concrete
Diversion Structure
Pumping Station
Piping
Site Work
Subtotal _
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS

OPERATING COSTS

Labor

Miscellaneous :

Treatment Cost, 5§ MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS
IPMENT R '

TOTAL PRESENT WORTH

$ 150,000
70,000
330,000
1,810,000
35,000
480,000
20,000
10.000
$2,905,000
668,000
2,107,000

$5,680,000

$ 10,000
10,000
1,500

$ 21,500
$ 31.000
$ 624,000
3 _180.000

$6,484,000
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3rd Avenue West Weir Storage--Since overflows occurring at the 3rd Avenue West weir
are among the largest in the NSA, an alternative storage site was developed to reduce
CSO at that point. The proposed site, providing 2.7 MG of storage, would be located
beneath Wallace Field in the eastern portion of the block bounded by Queen Anne
Avenue, West Nickerson Street, 3rd Avenue West, and the Lake Washington Ship Canal,
as shown in Figure 2-10.

The concrete storage structure would be constructed beneath the existing playing field,
and the field would be restored to its present condition at the end of construction. The
2.7 MG facility would be gravity-fed from a diversion structure in the CI in Nickerson
Street. When capacity became available following a storm, the stored combined sewage
would be pumped through a new force main to a new connection with the interceptor
between the 3rd Avenue West weir and the junction structure joining the Central and
North interceptors.

The total present worth of the project is $8,370,000, as shown in Table 2-9.

Ball lator rage--Storage sites were evaluated near both overflow points on the
Ballard trunk. The first of these is located near the Ballard regulator station. The 2.5
MG underground structure would be located in the block bounded by Ballard Avenue
N.W,, Shilshole Avenue N.W., N.W. Dock Place, and 17th Avenue N.W., as shown in Figure
2-11. The proposed site is presently occupied by an operating sheet metal works, several
vacant warehouses, a vacant office building, and a parking lot. When completed, the
surface could be used for parking, as a park, or a combination of both.

The storage facility would be gravity-fed and would be divided into separate chambers,
with baffles and control gates to allow sequential filling and draining. The diversion
structure for filling the facility would be located on the Ballard trunk in Shilshole
Avenue N.W,, adjacent to the storage site. When capacity was available in the trunk, the
contents of the storage structure would be pumped into the trunk at a point between the
regulator station and the forebay of the Ballard siphon.

The total present worth of the project is $7,900,000, as shown in Table 2-10.

Ballard No, | Weir Storage--Overflows from the Ballard No. 1 weir are slightly less than
10 percent of the total NSA overflow volume. A storage alternative was developed in
the vicinity of Ballard No. 1 to reduce CSO from that location. The proposed 2.0 MG
storage facility would be an underground structure located in the western half of the
block bounded by N.W. Ballard Way, 46th Avenue N.W,, 11th Avenue N.W. and 9th Avenue
N.W., as shown in Figure 2-12. The proposed site is presently part of the parking lot
for the Washington State Department of Social and Health Services, and could be
restored to that same use following construction.

The storage facility would be gravity-fed and would be divided into separate chambers,
with baffles and control gates to allow sequential filling and draining. Flow would be
diverted to storage from a new structure located on the Ballard trunk. When capacity
was available in the trunk, the contents of the storage facility would be pumped back to
the Ballard trunk through a new 18-inch force main. The force main would reconnect
with the trunk just downstream of the Ballard No. 1 weir.

The total present worth of the project is $6,820,000, as shown in Table 2-11.
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TABLE 2-9

ESTIMATED COSTS FOR 2.7 MG
STORAGE NEAR 3RD AVENUE WEST WEIR

P1 T

Storage
Excavation
Dewatering
Piling
Concrete
Diversion Structure
Pumping Station
Piping
Site Work
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS

QPERATING COSTS

Labor

Miscellaneous

Treatment Cost, 14 MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS

EQUIPMENT REP EMENT

TOTAL PRESENT WORTH

$ 260,000
100,000
420,000
2,390,000
45,000
500,000
80,000
30,000
$3,825,000
880,000

-2.725.000

$7,480,000

$ 10,000

10,000
—4.000
$ 24,000
$ 34,000

$ 703,000
$ 190,000
$8,370,000
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TABLE 2-10

ESTIMATED COSTS FOR 2.5 MG
STORAGE NEAR BALLARD REGULATOR

APITA T
Storage
Excavation $ 220,000
Dewatering 90,000
Piling 400,000
Concrete 2,370,000
Diversion Structure 45,000
Pumping Station 480,000
Piping 24,000
Site Work 1
Subtotal $3,644,000
Inflation to Mid-1988 (23%) 838,000
Allied Costs (59%) 2,644,000
ESTIMATED PROJECT COSTS $7,126,000
QPERATING COSTS
Labor $ 10,000
Miscellaneous 6,000
Treatment Cost, 15 MG/yr. @ $300/MG 4,500
ESTIMATED ANNUAL O&M COSTS, 1985 $ 20,500
ESTIMATED ANNUAL O&M COSTS, 1991 $ 29,000
PRESENT-WORTH O&M COSTS $ 596,000
EQUIPMENT N $ 180,000
TOTAL PRESENT WORTH $7,900,000
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TABLE 2-11

ESTIMATED COSTS FOR 2.0 MG
STORAGE NEAR BALLARD NO. 1 WEIR

CAPITAL COSTS

Storage
Excavation
Dewatering
Piling
Concrete
Diversion Structure
Pumping Station
Piping
Site Work
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS

OPERATING COSTS

Labor

Miscellaneous

Treatment Cost, 10 MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS
EQUIPMENT REPLACEMENT
TOTAL PRESENT WORTH

$ 190,000
80,000
330,000
2,000,000
47,000
420,000
48,000
10,000
$3,125,000
719,000
—2.268.000

$6,112,000

$ 10,000
6,000
—3.000

$ 19,000
$ 27.000
$ 552,000
$ 160.000

$6,820,000

2-32



EBI-NI Junction Storage-- A sixth storage project was considered but eliminated from
consideration as a recommended project. The storage facility would have consisted of 20
MG of CSO storage in four 5 MG pre-cast circular concrete tanks in the vicinity of West
Emerson Street and 15th Avenue West. To be cost-effective, the complete facility,
including a pumping station, would have to be above ground. The aesthetic impact of
four 200-foot-diameter, 20-foot-high storage tanks in this location in the large Duwamish
alternative outweighed the small cost advantage of the project over a combination of
other separation and storage projects.

The costs for the five NSA storage projects shown above do not include facilities for
scrubbing or carbon adsorption of off gases. Should any of these projects be selected, careful
consideration of odor control designs should be made in the predesign work.

Added North Interceptor Capacity--Additional information was evaluated to reassess the
potential for reducing CSO in the NSA by enlarging portions of the NI. Consideration
was given to a parallel Fremont siphon, raising the 3rd Avenue West weir, enlarging
4,000 feet of the CI downstream of the Dexter regulator, and enlarging 1,800 feet of the
S.W. Lake Washington interceptor (LWI) downstream of the Montlake regulator

Fremont Siphon Parallel--A 42-inch third barrel was considered in the November 1985
plan, but was eliminated as an alternative when no CSO benefit (reduction) was found
from SACRO model runs.

When added to the existing 48-inch and 60-inch parallel siphons, the third barrel would
add approximately 20 percent to the capacity of the Fremont siphon if wastewater flows
had reached weir crest levels at both the North Canal Street weir and the 3rd Avenue
West weir.

The North Canal Street weir is in the NI, 530 feet upstream of the forebay of the
Fremont siphon. The 3rd Avenue West weir is in the CI, but is only 100 feet upstream
of its junction with the NI. In addition, the distance from the junction of the North
and Central interceptors upstream to the afterbay of the Fremont siphon is only 180
feet. If flows exceed downstream conveyance capacities, overflows occur at the 3rd
Avenue West weir. If the capacity of the Fremont siphon were increased, the higher
flows to the lower reaches of the NI would raise the water level at the junction of the
North and Central interceptors. The higher water level in the NI would increase water
levels at the 3rd Avenue West weir, resulting in higher overflows there.

The existing combined capacity of the Fremont siphon and the CI is over 330 mgd. This
exceeds the non-surcharged downstream capacity of the NI. An increase in the capacity
of the Fremont siphon would, therefore, also require increased downstream capacity.
Planning for secondary system alternative 5 is based upon the same 300 mgd of
conveyance for NSA flows used in secondary system alternatives 1 through 4.

The combination of hydraulic impacts on the 3rd Avenue West weir, increased conveyance
capacity required between the Fremont siphon and the junction with the EBI, and the
300 mgd conveyance capacity from the NSA effectively eliminate the parallel Fremont
siphon from consideration as an alternative.
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i I v ir--A second alternative described in the November 1985 CSO
control plan report was raising the 3rd Avenue West weir by 1.1 feet or 1.4 feet,
depending on other alternatives implemented simultaneously.

Raising the 3rd Avenue West weir would reduce overflow volumes at that point; however,
the higher water level would reduce the head available for conveying flow through the
Fremont siphon. Hydraulic calculations indicate that raising the 3rd Avenue West weir
by 1.4 feet would require construction of a 42-inch parallel Fremont siphon to maintain
the present capacity of the siphon during storm flow conditions. The combination of
raising the 3rd Avenue West weir and adding a third pipe at the Fremont siphon would
be a viable option to increase the NI capacity; however, downstream restrictions would
result in merely transferring this overflow downstream.

Central Interceptor Downstream of Dexter Regulator Station--The 4,000 feet of the CI
upstream of the Dexter regulator station consists of 84-, 66-, and 60-inch pipe. The
first 4,000 feet of pipe downstream of the regulator consists of 48- and 54-inch pipe.
The smaller downstream pipe acts as a bottleneck, causing overflows into Lake Union
from the Dexter regulator at Galer Street.

This project would replace the 4,000 feet of downstream pipe (48-inch and 54-inch) with
60-inch pipe. This change would essentially double the capacity of this portion of the CI
from approximately 36 mgd to 72 mgd. The location of the replacement would be along
Dexter Avenue North from Galer Street north to Halladay Street, as shown in Figure
2-13.

Under present operating conditions, this project would only add to overflows downstream
at the 3rd Avenue West weir. Therefore, removal of this bottleneck could only be
implemented with projects that would relieve capacity in the NI,

A breakdown of the total project cost ($5,280,000) is provided in Table 2-12.

k hington Inter r w Mon 1 ion--The 3,000
feet of the LWI upstream of the Montlake regulator station consists of 114-inch sewer, a
double-barrelled (42-inch and 108-inch) siphon, and 90-inch pipe. The 1,800 feet of
pipeline downstream of the Montlake regulator, to the junction with the NI, consists of a
single 48-inch siphon under the Montlake Cut, and 1,100 feet of 48-inch pipe. The
smaller downstream line acts as a bottleneck in the LWI system, causing overflows from
the Montlake regulator into the Montlake Cut, between Union Bay and Portage Bay.

This project would add a parallel 36-inch siphon under the Montlake Cut and a parallel
36-inch pipeline from the end of the siphon to the junction with the NI. This change
would increase the present capacity of the system to about 85 mgd. The parallel siphon
and sewer would be installed next to the existing line, under the Montlake Bridge and
along N.E. Pacific Street to the NI.

This project would only add to overflows downstream along the NI. Therefore, removal
of this bottleneck could only be implemented with projects that would provide capacity
for the higher LWI flows.

A breakdown of the total project cost ($2,280,000) is provided in Table 2-13.
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TABLE 2-12

ESTIMATED COSTS FOR
INCREASED CENTRAL INTERCEPTOR CONVEYANCE CAPACITY

CAPITAL COSTS
60" Sewer - 4,000 Feet $1,440,000
Pavement Cutting & Repair, Traffic Control, Utilities Interference 1,2 00
Subtotal, 1985 Construction Cost $2,700,000
Inflation to Mid-1988 (23%) 620.000
Subtotal, 1988 Construction Cost $3,320,000
Allied Costs (59%) 1.960.000
ESTIMATED PROJECT COSTS $5,280,000
QPERATING COSTS 3 0
E P T 3 0
TOTAL PRESENT WORTH $5,280,000
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TABLE 2-13

ESTIMATED COSTS FOR INCREASED MONTLAKE SIPHON
AND INTERCEPTOR CAPACITY

APITAL T

36" Siphon $ 500,000
36" Sewer 440,000
Siphon Junction Structure Modifications (2) 170,000
Modifications to Junction Structure @ North Interceptor 50.000
Subtotal, 1985 Construction $1,160,000
Inflation to Mid-1988 (23%) 270,000
Subtotal, 1988 Construction - $1,430,000

> Allied Costs (59%) S 850.000
ESTIMATED PROJECT COSTS $2,280,000
QOPERATING COSTS $ 0
EQUIPMEN T $ 0
TOTAL PRESENT WORTH $2,280,000
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Summary--The alternatives considered for added NI capacity would, at best, merely
relocate the CSO discharges and would not reduce CSO in the NSA. Thus, these
alternatives were not used as representative CSO control projects.

# NSA Separation Projects--Fourteen potential separation projects were considered that,
when used in conjunction with previously identified NSA CSO control projects, could be
used to reach 75 percent or 90 percent NSA CSO reduction. The following projects were
evaluated (see Figure 2-14 for locations of projects):

1. Install 84-Inch Harrison Street Tunnel

L

Description--A large area of the residential Madrona basin has been partially separated,
but has been reconnected to the combined sewers. This project would complete the
partial separation project by installing an 84-inch tunnel to carry the separated
stormwater for discharge into Lake Washington. This project was evaluated in the
November 1985 plan, but the costs have been refined based on a more detailed analysis.

. .

Benefits--The project would reduce the volume of stormwater entering the combined
sewer system from approximately 480 acres of residential area, thus reducing the
overflows at the Montlake regulator station.

2. Install New Storm Drainage System in Madrona Basin to Harrison Street Tunnel

Description--This project (along with the Harrison Street tunnel) would complete the
partial separation of the sanitary and storm drainage systems in the area draining to the
Harrison Street tunnel. It would install additional storm drains, connect the existing
catch basins or add new catch basins to the existing storm drain trunk mains, and
discharge via the Harrison Street tunnel directly into Lake Washington, without
combining with the sanitary flow.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 231 acres of residential area, thus reducing overf lows at
the Montlake regulator station,

3. Separate Storm Drainage in Wallingford East

Description--The residential area of Wallingford East between I-5 and Meridian Avenue
North connects to the NI (Reach 2) and is served by a combined sewer system that
transports stormwater runoff as well as sanitary flows.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Lake Union, without combining with sanitary flow.

Benefits--The Wallingford East project would rcduce stormwater from approximately 378

acres of residential and multi-family area, thus reducing overflows at the Canal Street
weir.
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4. Separate Storm Drainage in Wallingford West

Description--The residential area of Wallingford West between Meridian Avenue North and
Stone Avenue North and south of North 45th Street connects to the NI (Reach 2) and is
served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Lake Union, without combining with sanitary flow.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 175 acres of residential and multi-family area, thus
reducing overflows at the Canal Street weir.

5. Separate Storm Drainage to 22nd Avenue West Outfall

Description--The area of Northeast Magnolia between Thorndyke Avenue West and Salmon
Bay that connects to the NI (Reaches 5 and 6) is served by a combined sewer system
that transports stormwater runoff as well as sanitary flows.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Salmon Bay via a 22nd Avenue West outfall, without combining
with sanitary flow.

Benefits--The project would reduce stormwater entering the combined sewer system from
approximately 576 acres of residential and multi-family area by two-thirds, thus reducing
. overflows in the vicinity of the Ballard trunk.

6. Separate Storm Drainage to 14th Avenue West Outfall

Description--The area of Northeast Queen Anne, due east of the Salmon Bay terminal,
connects to the NI (Reach 4) and is served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into the Lake Washington Ship Canal via a 14th Avenue West outfall,
without combining with sanitary sewage.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 69 acres of residential and multi-family area, thus
reducing overflows between 3rd Avenue West and West Point.

7. Separate Storm Drainage to 6th Avenue West Qutfall

Description--The area in North Queen Anne between 6th Avenue West and Jesse Avenue
West that connects to the NI (Reach 4) is served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into the Lake Washington Ship Canal via a 6th Avenue West outfall,
without combining with sanitary flow.
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Benefits--The project would reduce stormwater entering the combined sewer system from
approximately 73 acres of residential and multi-family area by about two-thirds, thus
reducing overflows between 3rd Avenue West and West Point.

8. Separate Storm Drainage to 3rd Avenue West Qutfall

Description--The North Queen Anne area (including Seattle Pacific University), which
connects to the CI and the Metro weir at 3rd Avenue West, is served by a combined
sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into the Lake Washington Ship Canal via a 3rd Avenue West outfall,
without combining with sanitary sewage.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 60 acres of residential and multi-family area, thus
reducing overflows at the 3rd Avenue West weir.

9. Separate Storm Drainage to Queen Anne Avenue North Outfall

Description--The Queen Anne area north of Garfield Street between Ist Avenue North
and 6th Avenue West that connects to the CI is served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into the Lake Washington Ship Canal via a Queen Anne Avenue
. North outfall, without combining with sanitary flow.

Benefits--The project would reduce stormwater entering the combined sewer system from
approximately 238 acres of residential and multi-family area, thus reducing the overflows
at the 3rd Avenue West weir.

10. Separate Storm Drainage to 4th Avenue North

Description--The Queen Anne area north of West Galer Street between 4th Avenue North
and Ist Avenue North that connects to the CI is served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into the Lake Washington Ship Canal via a 4th Avenue North outfall,
without combining with sanitary sewage.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 286 acres of residential and multi-family area by about
two-thirds, thus reducing overflows at the 3rd Avenue West weir.

11. Separate Storm Drainage to Crockett Street Outfall

Description--The lakefront and hilly area southeast of the Aurora Bridge to Howe Street
that connects to the CI is served by a combined sewer system.

2-41




This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Lake Union via a Crockett Street outfall, without combining
with sanitary sewage.

Benefits--The project would reduce stormwater entering the combined sewer system from
approximately 109 acres of commercial, residential and multi-family area, thus reducing
the overflows at the 3rd Avenue West weir.

12. Separate Storm Drainage to Galer Street Outfall

Description--The area north of Galer Street between 4th Avenue North and Lake Union
that connects to the CI is served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Lake Union via a Galer Street outfall, without combining with
sanitary flow.

Benefits--This project would reduce the volume of stormwater entering the combined
sewer system from approximately 75 acres of commercial, residential and multi-family
area, thus reducing overflows at the 3rd Avenue West weir.

13. Separate Storm Drainage to Broad Street Outfall

Description--The area north of the Seattle Center--between Roy Street and Galer Street
in the north, and Broad Street and Denny Way in the south--connects to the CI and is
served by a combined sewer system.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Lake Union via a Broad Street outfall, without combining with
sanitary sewage.

Benefits--The project would reduce stormwater entering the combined sewer system from
approximately 239 acres of commercial, residential and multi-family area, thus reducing
overflows at the Dexter Avenue regulator station.

14. Separate Storm Drainage in Northwest Montlake Basin

Description--The residential area of Northwest Montlake and North Capitol Hill, bounded
by Federal Avenue to the west, 24th Avenue East to the east, East Aloha Street to the
south, and Portage Bay to the north, connects to the LWI and is served by a combined
sewer system that transports stormwater runoff as well as sanitary flows.

This project would partially separate the stormwater runoff from the area by installing
storm drains, connecting the existing catch basins or adding new catch basins, and
discharging directly into Portage Bay and Union Bay without combining with the sanitary
flow.
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Benefits--The amount

of stormwater

entering

the combined sewer
approximately 595 acres of residential and multi-family area would be reduced by
two-thirds, thus reducing the overflows at the Montlake regulator station.

system from

Table 2-14 presents a summary of project costs, amount of impervious area reduced (prevented
from discharging to combined sewers), cost per project acre, and cost per impervious acre.

Table 2-15 ranks the projects in order of increasing cost per impervious acre.

NSA SYSTEM SEPARATION PROJECTS

TABLE 2-14

COST SUMMARY FOR ADDITIONAL

Project Cost per Reduction in Cost per
Project Area, Project Impervious Impervious
Project Cost. $ acres Acre, $ Area, acres  Acre $
Harrison St.-Madrona Area
1. Harrison St. Tunnel 7,820,000 480 16,300 105 74,000
2. Madrona Basin 2,150,000 231 9,300 57 38,000
Wallingford Ar
3. Wallingford East 8,020,000 378 21,200 84 95,000
4. Wallingford West .2,540,000 175 14,500 42 60,000
‘:n r | _
5. 22nd Ave. W, Qutfall 10,950,000 576 19,000 135 81,000
6. 14th Ave. W. Outfall 1,170,000 69 17,000 14 84,000
7. 6th Ave. W. Outfall 1,960,000 73 26,800 14 140,000
8. 3rd Ave. W. Outfall 1,270,000 60 21,200 11 115,000
9. Queen Anne Ave, Outfall ' 5,470,000 238 23,000 48 114,000
10. 4th Ave. N. Outfall 6,840,000 286 23,900 68 101,000
W i k nion
11. Crockett St. Outfall 1,960,000 109 18,000 30 65,000
12. Galer St. Qutfall 1,170,000 75 15,600 28 42,000
13. Broad St. Outfall 5,280,000 239 22,100 107 49,000
itol Hill-Montlak
14. N.W. Montlake Basin 9,780,000 595 16,400 139 70,000
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TABLE 2-15

RANKING OF SUPPLEMENTAL NSA
SEPARATION PROJECTS

Cost per
Project Impervious Acre, $

Galer Street Qutfall (12) 42,000
Broad Street Outfall (13) 49,000
Wallingford West (4) 60,000
Harrison Street Tunnel and Madrona Area Separation (1 & 2) 62,000
Crockett Street Outfall (11) 65,000
N.W. Montlake Basin (14) 70,000
22nd Avenue West Qutfall (5) 81,000
14th Avenue West Outfall (6) 84,000
Wallingford East (3) 95,000
4th AQenue North Qutfall (10) 101,000
Queen Anne Avenue QOutfall (9) 114,000
3rd Avenue West Outfall (8). ‘ 115,000
6th Avenue West Outfall (7) | 140,000
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In addition, a small separation project is being implemented by the City. The Dravus project
(also known as the Queen Anne West project) is located immediately south of the 14th Avenue
West project described above,  roughly between Dravus Street (north), West Blaine Street
(south), 15th Avenue West (west), and 7th Avenue West (east). The project area includes 245
acres served by combined sewers presently contributing to CSO through a City of Seattle
outfall (Permit No. 068). Design has been completed by the City for partial separation of the
area at an estimated construction cost (1986) of $2,700,000, and the project is expected to be
constructed in the near future. Because this project is being separately funded by the City, it
is not shown as a Metro project. The effects of the project are included in estimates of year
2005 CSO volumes,

# Treatment at Interbay Plants when Sewers Are Sized for Base Flows--One treatment
alternative for NSA CSO involves use of the secondary treatment plant. This alternative
would be used to achieve 90 percent CSO reduction when base case conveyance facilities
are used throughout the Metro service area. The project involves treatment of NSA
combined flows that exceed the capacity of the primary clarifiers when operated at 3,500
gpd/sq. ft. at either a large Interbay secondary treatment plant or a split
Interbay/Duwamish plant. .

For ecither option involving an Interbay secondary plant, a 1,000-foot influent pipeline
would be constructed from the present junction of the North and Elliott Bay interceptors
to the new Interbay plant. Influent and effluent pumping capacity would be added to the
treatment plant to accommodate storm flows up to 100 mgd above sanitary flow rates,
added pretreatment of flows bypassed to the TF/SG process, and an effluent force main
would be installed to the southwest, generally following Thorndyke Avenue to Elliott Bay,
where a 1,000-foot CSO outfall would be installed, as shown in Figure 2-15. The
estimated costs are shown in Table 2-16.

For the split Interbay/Duwamish alternative, the amount of flow bypassing the smaller
primary clarifiers is greater; thus, the bypass facilities are larger and more expensive.
Flow splitting controls and in-plant piping would be required to accommodate the same
100 mgd used in the large Interbay alternative. The added cost of those facilities is
shown in Table 2-17.

If an alternative is selected where the regional sewer system is sized for base flows,
then further study is needed during predesign to optimize the method of treatment of
added flow of combined sewage.

For those alternatives where the regional sewer system is increased in capacity, the
incremental treatment costs are based upon the costs for added primary treatment
capacity as shown in Appendix B.
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TABLE 2-16

COST ESTIMATE FOR TREATMENT
OF NSA CSO IN A LARGE INTERBAY PLANT

CAPITAL COSTS

72" Influent Sewer, 1,000 feet
Influent Pumping Station, 92 mgd
Effluent Pumping Station, 92 mgd
Added Pretreatment Facilities

60" Effluent Force Main, 8,000 feet

60" Effluent Outfall, 1,000 feet
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS

OPERATING COSTS

Fine Screen Costs

Treatment Cost, 126 MG/yr. @ $300/MG
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991

PRESENT-WORTH O&M COSTS

EQUIPMENT REPLACEMENT

TOTAL PRESENT WORTH

$ 810,000
4,110,000
4,110,000
4,000,000
5,400,000
1,070,000

$19,500,000
4,500,000

14,200,000

$38,200,000

$ 20,000
38,000
58,000

§2.000
$ 1,700,000
$ 2,200,000
$42,100,000
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TABLE 2-17

COST ESTIMATE FOR TREATMENT
OF NSA CSO IN A SPLIT-SIZE INTERBAY PLANT

CAPITAL COSTS
Pipeline and Pumping Costs (from Table 2-16)
Additional Flow Control and In-Plant Conveyance
Subtotal
Inflation to Mid-1988 (23%)
Allied Costs (59%)

ESTIMATED PROJECT COSTS
PERATIN T
Labor and Miscellaneous for Additional Pretreatment
ESTIMATED ANNUAL O&M COSTS, 1985
ESTIMATED ANNUAL O&M COSTS, 1991
PRESENT-WORTH O&M COSTS
E IPMENT REPLACEMENT

TOTAL PRESENT WORTH

$19,500,000

1,800.000
$21,300,000
4,900,000

15.500.000
$41,700,000

$ 10,000
10,000
14,000

$ 290,000
$ 2.800,000
$44,790,000
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EVALUATION OF NTROL ALTERNATIVE

Model Revisions

Following completion of the final plan for CSO control (Volume III) in November 1985,
additional work has been performed to more precisely determine the locations at which
overflows occur in the City of Seattle’s system as well as Metro’s. During this added work,
additional hydrologic and hydraulic subbasin characteristic data were collected. Detailed
schematics were produced for most of the SSA and a portion of the NSA. These schematics
diagram the City/Metro sewer system, outfalls, and City storage projects in basins where City
overflows exist. An extensive effort was made to estimate connected impervious and pervious
acreage for present and future (2005) conditions, based on aerial photos, zoning maps, drainage
ordinances, and projected land use and populations. These results more accurately depict the
current physical system than do the data used in Metro’s existing comprehensive CSO control
plan, which was adopted in 1979.

Hydrologic boundaries have been rearranged from those used in previous studies in order to
better define the overflows that occur at each specific location. By separating areas
controlled by City regulators from those contributing directly to Metro trunks, the runoff and
CSO at individual overflow points were more accurately modeled.

Detailed schematics of the combined drainage basins have been completed and reviewed by the
City and Metro. SSA runoff hydrographs for the year 2005 have been revised based on the
updated subbasin data. All three models (HYD 72, EBIPRE, and SSACRO) were revised to
incorporate the added information. Following recalibration of the models, CSO options for
secondary system alternatives 1 through 4 were tested with the revised models. The SSACRO
model was also revised to incorporate the system features unique to secondary system
alternative 5.

ffects of ] Revision in Yol

As a result of the model improvements, estimates of existing CSO volumes were revised.
There are not enough historic flow measurement data to fully define the existing CSO volumes
by direct measurements. Existing CSO volumes were estimated by calibrating the model
predictions for portions of the service area where CSO was measured and then using this
calibrated model to predict CSO volume where flows were not measured or where inadequate
data were available.

In the NSA, the estimated volume of CSO was revised from 366 MG/year to 468 MG/year to
include the effects of runoff from unpaved, pervious area and updated information on the area
connected to combined sewers in the NSA. In the SSA, the estimated volume was revised
from 1,739 MG/year to 1,941 MG/year for similar reasons.

lculation of Pollutant L in

One of the purposes of this supplemental analysis of CSO control alternatives is to refine the
estimates of pollutant loadings associated with various CSO control alternatives. In the Nov-
ember 1985 CSO control plan, Table 7-6 presented estimated loadings of BOD, suspended solids,
and six metals for each of the four secondary system alternatives and the associated, repre-
sentative CSO alternatives. The loadings were presented on a system-wide basis. In this sup-
plement, loadings are estimated for each of the receiving waters. In cases where sewer separ-
ation is involved, the loadings associated with the separated stormwater are also estimated.
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The quality of CSO and stormwater at a given location is a function of the land use
(commercial, industrial, residential) in the tributary drainage basin. The quality may vary
substantially from storm to storm. The quality can also vary substantially from one area to
another, even for the same land use (depending upon, for example, the amount of ongoing
construction and related disturbed earth). Runoff quality from commercial and industrial areas
will also vary depending upon storm characteristics and the specific types of businesses
involved. Data are not available to develop estimates of runoff quality on a storm-by-storm
basis or for individual drainage basins. Data collected in the Seattle area and nationally on
sanitary flows, combined sewer overflows, and storm runoff were reviewed. Although data
from other locations and the reviewed references provide a useful, overall perspective, greater
weight was given to data collected in the Seattle area.

The quality of CSO depends upon the quality of the dry weather sewage flows and the quality
of stormwater that enters the combined sewer system. The CSO loadings were estimated by
determining:

# The quality of sewage flows in the collection system during non-storm periods.
#  The quality of stormwater.
¥ The relative quantities of sewage and stormwater at the time of overflow.

The general approach was to develop typical dry weather sewage flows and stormwater
characteristics by land use type. Existing basin data on land uses were used to determine the
relative amount of sewage and stormwater contribution from each land use type at each Metro
CSO discharge point. The existing hydraulic models were used to determine the relative
quantities of dry weather and storm flows when CSO occurs. The modified model was used to
compute the loading of pollutants based upon the volume of overflow and the calculated blend
of storm and dry weather flow sources in each drainage basin.

The pollutant concentrations and the effects of treatment that were used to estimate pollutant
loadings are shown in Table 2-18. Five pollutants were selected as examples. Selection of
BOD, suspended solids, cadmium, lead and zinc was based on the availability of data from dry
and wet weather flows in the Seattle area. Other pollutants are also of concern, including
bacteria and viruses. Sewer separation projects will reduce CSO-related bacteria and virus
discharges to a greater degree than they will reduce suspended solids and metal discharges
but, unfortunately, bacteria and virus discharges are difficult to quantify. Pollutant
concentration values for CSO events predicted by the model were validated by comparing them
to actual concentrations measured at Metro CSO sites.

o

)
[

The loadings calculated by this method should be considered only to illustrate the relative
locations and magnitudes of CSO-related loads for various CSO control alternatives and to put
them in perspective when compared to the loadings in secondary effluent. The calculated CSO
loadings should not be used for estimating any specific water quality impacts. They are
approximations for comparative purposes only, and due to the limited data available, are
subject to large variations.
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Development of st Estimat

The preceding cost estimates for each representative project were based on the following
factors, which are consistent with the cost basis used in Volume III of the November 1985
facilities plan:

Initial construction year: 1988
Initial year of operation: 1991
Construction inflation: 7 percent
General inflation: 6 percent
Differential inflation for energy: 2 percent
Interest rate: 10 percent
End year of planning period: 2030
Equipment life: 20 years
Present-worth factor (O&M): 20.478
Present-worth factor (energy): 28.080

CSO projects would probably be phased rather than all placed in operation in 1991; however,
the Memorandum of Agreement stipulated that for comparisons of secondary system
alterna-tives, CSO costs would be compared based on a common start-up date of 199] for CSO
projects. Thus, the costs in Chapters 2 through 4 of this supplemental plan are all presented
based on a 1991 startup date. In Chapter 5, costs are also presented for phased construction
(see Appendix C for project schedules), for use by Metro in estimating rate effects on a basis
compatible with that used for secondary treatment. Also, other factors for inflation and
interest rates are evaluated in Chapter 5.

The capital costs for each project were developed in 1985 construction dollars and escalated at
7 percent per year to 1988. Additional costs were added for sales tax (8 percent),
contingency (30 percent), and allied costs (21 percent), to reflect total 1988 capital costs for
each CSO project. Costs for easements or rights-of-way are part of the contingency
allowance.

Equipment replacement and salvage values reflect total equipment capital costs from the initial
construction estimates in 1985 dollars. It was assumed the equipment would be purchased in
1988 and would begin operating in 1991. With a 20-year life, the equipment would be replaced
in 2011. At the end of year 2030, the equipment would have a net salvage value of zero.
The total life-cycle costs for equipment replacement and salvage value therefore include
present-worth value of the cost to replace the equipment in 2011,

The total present-worth cost in 1988 dollars reflects the sum of the total present-worth

capital’ costs, the total present-worth O&M and energy costs, and the total equipment
replacement costs.
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CHAPTER 3

EVALUATION OF SECONDARY SYSTEM ALTERNATIVE 5
CSO CONTROL ALTERNATIVES

The purpose of CSO planning is to identify methods to reduce the CSO discharges identified in
Chapter 1. In order to evaluate reduction of these discharges, it is necessary to study
representative CSO projects to determine if there is a reasonable method of achieving the
desired reduction. To select representative projects for use with each secondary system
alternative, several criteria were considered.

A ATION CRITERIA

The following criteria (discussed in Chapter 6, Volume IIl, of the November 1985 plan) are
used for evaluating representative CSO control projects:

Reduction in CSO Volume

Total Cost (Present Worth)

Unit Cost (Cost/Million Gallons of CSO Controlled)
Pollutant Loading Reduction

Aesthetic Improvement

Potential for Cost-Sharing

Ease of Operation

Near-Shore Sensitivities (Human Health)

Fish and Wildlife Resources '
Implementability (i.e., Rights-of-Way, Permits, Public Concerns)
Water Body Priorities

Coincident Benefits

Known "Hot Spot" Reduction

Compatibility with All Secondary Alternatives

Only the first four of the above criteria are quantitative; the other criteria are subjective.
There is no attempt in this supplement to weight one subjective criteria relative to another.
The following paragraphs discuss each of the criteria. Table 3-1 summarizes comparisons for
subjective criteria. Subsequent tabulations of representative CSO control projects for each
configuration of secondary system alternative 5 present information on the quantitative aspects
of costs and CSO volume reduction.

R tion in Volum

Projects with the greatest potential for reducing CSO volumes include a storage project (EBI
storage for the large Duwamish configuration of secondary system alternative §), several
separation projects, and enlarging the regional conveyance system capacity. The ranking of
projects by this criterion generally follows the physical magnitude of the projects, e.g.,
storage volume, treatment capacity, separation area. For example, the smaller EBI storage
facility used in the split Interbay/Duwamish configuration provides less CSO reduction than
does the larger EBI storage facility used in the large Duwamish alternative.

This criterion must be applied with consideration of the project cost to determine the relative
effectiveness of the representative projects. For example, construction of 500 million gallons
of storage would provide nearly complete CSO elimination, but the cost of $1,000,000,000 or
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TABLE 3-1
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(1) Alternative to Kingdome/industrial separation.
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more makes such an alternative impractical. Where projects are similar in costs, the project

. providing the greater CSO reduction receives a higher ranking by this criterion. When various

representative CSO projects are combined for a given secondary system alternative, the
interaction between projects affects the volume reduction provided by each. Subsequent
portions of this chapter present volume reductions for various combinations of representative
CSO projects.

Total Cost

Comparison of the alternative projects shows that CATAD modifications, the Hanford and
Diagonal separation projects, and use of portions of existing interceptors for storage make up
the group of lowest-cost projects. CSO treatment plants, on the other hand, form the group
of most-expensive projects. As in the case of CSO volume reduction, total cost must also be
considered in conjunction with volume reduction. Obviously, a low-cost project that provides
little CSO reduction is of little use. For projects that provide similar reductions in CSO
volume, the project with the lowest total cost receives higher ranking by this criterion.

ni r Mill 1 f VYolume R n

Unit cost represents the total cost of a project divided by the average CSO volume reduction
associated with the project. A combination of representative projects that provides the
greatest CSO reduction for the least total cost ranks highest by this criterion.

lutan n

Projects involving storage or added conveyance capacity that result in combined sewage
receiving secondary treatment rank highest by this criterion. Separate CSO treatment
facilities provide primary trecatment and do not rank as high. Separation projects reduce CSO
volume by preventing stormwater from entering the wastewater collection system. The
separated sanitary sewage receives secondary treatment, but stormwater pollutants are
discharged directly to receiving waters. Separate discharge of separated stormwater is an
acceptable practice so long as water quality standards are not violated by the storm drain
discharges. Chapter 5 of this supplement presents information on CSO-related pollutant
loadings for each secondary system alternative.

Aesthetic Impacts

Project comparison regarding aesthetic impact is based on whether or not a project has a
major adverse effect on high-visibility aesthetic concerns. Underground storage and
separation projects, while useful for CSO control, do not have large aesthetic effects because
there are no above-ground components. On the other hand, CSO treatment facilities at
ground level will be visible and may cause an undesirable aesthetic effect.

Potential st-Sharin
Some CSO control projects, such as the Hanford separation project, have the potential for

multi-agency funding because several agencies derive some benefit from the project. These
projects have the greatest potential for cost-sharing.
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E ration

Separation projects and alternatives involving increased conveyance capacities require
comparatively little maintenance or operation. Primary treatment of storm flows at an
Interbay or Duwamish secondary plant would require increased operation in terms of labor
hours and use of power and chemicals, but not an increase in complexity of operation.
Separate CSO treatment facilities, and storage facilities, require separately staffed operation
for intermittently operated facilities and have the poorest ratings. Storage projects also
require manual cleaning.

Near-Shore Sensitiviti

Several representative projects either have a major impact on improving near-shore,
human-contact water conditions (due to CSO reduction) at a single location, or are large
enough to contribute to near-shore improvements in several locations. Examples of highly
rated projects in this category include a Duwamish CSO treatment facility, EBI or Alaskan
Way storage, a Denny Way CSO treatment facility, or an enlarged regional conveyance system.
Separation projects are rated lower for this criterion because they result in discharge of
stormwater in near-shore areas.

Fish and Wildlife Resources

A potential exists to benefit fish and wildlife resources rather than just near-shore areas
where human-contact water use occurs. Alternatives that benefit near-shore sensitivities also
benefit fish and wildlife resources. Other projects also have substantial beneficial impact,
either where human-contact water uses are rare, or when a water-quality parameter, such as
dissolved oxygen, is less important for human contact than for fish and wildlife.

Implementability

Examples of projects that are readily implementable include CATAD modifications (little
structural work, all on existing facilities), the Hanford separation project (a City of Seattle
project, scheduled for near-term construction, partly funded by Metro and the State of
Washington), and EBI storage (limited to underground modifications to an existing facility).
Most alternatives face at least some technical, social, or political difficulties. A few face
major obstacles to implementation, inciuding a Denny Way CSO treatment facility (under
Myrtle Edwards Park) and Alaskan Way storage (major construction in an area of high-density
traffic).

Water B Priorities

Projects that reduce CSO discharges to inland waters are rated highest under this criterion,
such as Green Lake/I-5 separation. Alternatives that reduce CSO primarily to saltwater
bodies, or distribute reductions over both freshwater and saltwater areas, rank lower by this
criterion.

incid Benefits .
Some projects were found to provide benefits other than reduction of CSO volumes and
poliutant loadings. Green Lake/I-5 separation would return water to Lake Washington and
become a credit to the freshwater supply. The parallel Fort Lawton tunnel would provide
increased reliability and operational flexibility for raw sewage flows to West Point. The State
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Department of Transportation was planning to install detention basins for stormwater for an
interchange near the Kingdome, but is now considering installing a storm drain in light of the
potential future Kingdome/industrial area separation project. Other opportunities such as this
may arise in the future which will require modification of the CSO projects or reprioritization
to take advantage of them.

"H "R ion

The area off-shore of the Denny Way CSO discharge is known to have sediments with
substantial concentrations of metals and other pollutants, a known "hot spot." The Denny Way
CSO treatment alternatives, or an enlarged regional conveyance system, would provide a major
reduction in untreated CSO discharges at Denny Way. Projects reducing CSO discharge at the
University and Montlake regulators likewise would reduce CSO discharge to known "hot spot”
areas.

ibility with Al n rnativ

Some CSO control projects can be used regardless of which secondary alternative is selected.
These can then be implemented independently, regardless of the speed with which secondary
treatment is implemented. Examples of projects that can be implemented independently are
the Hanford separation project and the Green Lake/I-5 separation project.

hod for Selecting Repr iv r

The representative CSO projects described in this supplement represent "building blocks" that
can be combined in different ways to produce different levels of CSO volume and pollutant
loading reductions. For purposes of comparison, representative CSO projects must be
identified for all secondary system alternatives that will provide the target CSO volume
reductions of 75 and 90 percent.

There will be additional planning and CSO project analysis during the implementation of the
selected secondary treatment and CSO control plan. The purpose of representative project
selection in this supplement is to provide an equitable basis for comparison of the CSO
aspects of the five secondary system alternatives, recognizing that the combination of CSO
projects may be modified and optimized during predesign, including the selection of project
locations and, in the cases of treatment, the treatment processes to be used.

In selecting representative projects, all identified potential CSO projects were first screened
using the criteria in Table 3-1 for characteristics that made them difficult to implement,
ineffective, or uneconomical. Volume III of the November plan describes several projects that
were screened from further consideration on this basis. Of the added projects identified in
this supplement, the Alaskan Way storage project was climinated on the basis of cost and
implementation problems. Also, the location of a Denny Way CSO treatment facility under
Myrtle Edwards Park was eliminated because of implementation concerns. A location for the
facility 1,000 feet east of the park is used instead in this supplement for all five secondary
system alternatives.

The next step for each secondary system alternative 5 configuration was a ranking of the
remaining projects based on unit costs; that is, to select the combination of projects that
would achieve the greatest CSO volume reduction at the lowest cost. This ranking was
evaluated to determine if any of the projects were unacceptable or illogical. For example,
construction of a Duwamish CSO treatment facility might offer a low unit cost; however,

3-5



partial separation of the Michigan basin might achieve the target volume reduction at a lower
total cost and would be used instead.

The projects subjected to the economic ranking were those that survived the initial feasibility
screening and that met Department of Ecology (DOE) requirements as acceptable practice.
Pollutant loadings were calculated for various combinations of representative projects and are
discussed in Chapter 5. However, these loadings do not dictate selection of one alternative
over another if both meet DOE requirements. For example, DOE has stated that primary
treatment and disinfection of combined sewage, with discharge through a suitable outfall, is an
acceptable practice so long as no violations of water quality standards occur. Some
alternatives subject more combined sewage to secondary treatment, providing greater
reductions in pollutant loading than do others. There is no basis to select them as
representative projects if the lower cost alternatives meet DOE requirements and do not
violate water quality standards. In the decision-making process, projects providing greater
pollutant reductions might be selected, even though they exceed DOE requirements. If so,
such a philosophy would be applied to all secondary system alternatives and would cause
similar cost increases for all alternatives.

The specific considerations for selecting representative CSO control projects for secondary
system alternative 5 configurations are discussed below.

R WAMI

As noted earlier, this supplement considered the alternative of providing storage rather than
separating the Kingdome/industrial area and the Diagonal basin. DOE has stated that sewer
separation is an acceptable practice for the foreseeable future, so long as the discharge of the
separated stormwater does not violate water quality standards. There is the potential that
future regulations may require that discharges from storm drains be subjected to some type of
treatment, regardless of the impact on water quality standards. For this reason, storage
instead of separation in these two basins was evaluated to determine the relative costs and
pollutant loadings. The storage prajects were found (see Chapter 2) to have a substantially
higher cost, $71,000,000 versus $22,000,000.

The storage projects were sized to provide CSO volume reductions similar to those provided by
the separation projects. However, the pollutant loadings were different because the separated
stormwater would receive secondary treatment and be discharged to Central Puget Sound
rather than to the Duwamish or Elliott Bay with a storage project. The differences in
pollutant loadings from CSO discharges between separation and storage in the Kingdome and
Diagonal areas were estimated, with the following results:

Pollutant Loadings (Ibs/year) from CSO

Discharges to Receiving Water
With No Controls Duwamish Elliott Bay
BOD 499,000 467,000
SS 854,000 519,000
Cd 47 : 57
Pb 3,500 1,930
Zn 3,680 2,230
3-6
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Pollutan ings fr n r rmwater with 7 Volume Reduction--with
Kin ean iagonal rati
Duwamish lliott B
Secondary Secondary Secondary Secondary
Alternatives Alternatives Alternatives Alternatives
1=2 3-4 12 3-4
BOD 113,700 249,200 101,300 165,800
SS 304,900 532,000 274,300 300,100
Cd 10 26 20 30
Pb 1,710 2,770 2,070 2,220
Zn 1,860 2,990 2,150 2,405
Poll in T with 7 Volume R ion--with Kin me and Diagonal Storage
W : li B
Secondary Secondary Secondary Secondary
Alternatives Alternatives Alternatives Alternatives
12 34 12 34
BOD 106,100 241,600 61,300 125,800
SS 217,800 450,500 103,000 129,100
Cd 7 23 7 17
Pb 1,380 2,440 590 740
Zn 1,340 2,470 585 820

Use of storage projects at Diagonal Avenue and the Kingdome would improve the removal of
CSO-related pollutants discharged to the Duwamish and to Elliott Bay. However, there are
many other non-point sources of these same pollutants to both the Duwamish and Elliott Bay;
therefore, the total reduction in all pollutant loadings to these receiving waters would be of
questionable significance. For example, a mass balance for pollutants in the Duwamish River,
prepared as part of the Duwamish Clean Water Plan, found that known and/or permitted
sources could account for only 1 to 5 percent of the total loads to the river and that CSOs
were "minor sources of all pollutants determined except fecal coliforms." Metro’s TPPS report
found CSO input to be a "tiny fraction of the estimated input to the Bay from the Duwamish
River.” Small differences between secondary system alternatives in pounds per year of
pollutants discharged become insignificant as fractions of a percent of inputs to the Duwamish
or Elliott Bay. Although CSO loadings may be a small percentage of the total loadings to the
Duwamish or Elliott Bay, the localized near-shore effects must be considered. In this regard,
the reader should note that in alternative 4, a portion of the load to Elliott Bay will be
discharged through an extended outfall from the Denny Way CSO facility and near-shore
discharges at Denny Way will be essentially eliminated.

The Diagonal and Kingdome/industrial area separation projects are used as representative
projects in all secondary system alternative 5 configurations (as well as retained in secondary
system alternatives 1 through 4) because:

¥ They are lower in cost.
# They avoid operational costs and problems inherent in storage.
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They avoid potential odors associated with storage.

They do not use land that could be put to other urban use.

Present and foreseeable standards do not require treatment of stormwater, so long as
water quality standards are met. There are no data to indicate that storm drain
discharges would cause violation of water quality standards.

¥ The incremental pollutant removal from these two storage projects has no demonstrable
benefit to water quality.

During implementation of the plan, the storage projects can be further evaluated. If used,
they would affect the cost of all secondary system alternatives in a similar manner; thus, such
a later decision would not alter the relative economics of one secondary alternative versus
another.

As described in Chapter 2, secondary system alternative 5 involves the construction of new
regional sewer and treatment facilities. The size of these new facilities could be increased to
transport and treat more combined sewage flows. Alternative sizes of these new facilities
were considered to transport the flows associated with various design storms as follows:

Transport Svstem Capacity

Base Flows 371 mgd
Storm 2 457 mgd
Storm 4 682 mgd
Storm 6 989 mgd

Using the approach described earlier, representative CSO control projects were identified for
each regional system capacity, as shown in Table 3-2. Sizing the regional system for flows
associated with storm 2 resulted in the lowest-cost approach for the comparative targets of
both 75 and 90 percent CSO volume reduction. It should be noted from Table 3-2 that sizing
the regional system for storm 4 flows would enable the 90 percent volume reduction to be
approached without the use of sewer separation pro;ccts in the SSA. This would avoid the
potential for future costs if regulations governing storm drain discharges should change.
Adoption of this approach would add about $46,000,000 to the CSO control costs. Since DOE
has stated that sewer separation is an acceptable practice for the foreseeable future, storm 2
flows are used as the basis for the regional system capacity. Also, as can be noted from
Table 3-2, sizing the regional sewers for the larger flows associated with Storm 4 would
enable reductions greater than 95 percent to be achieved with only one separation project.
To accomplish similar removals with sewers sized for storm 2, it would be necessary to add
further primary capacity at Duwamish as well as added conveyance system capacity to get
more flow to the Duwamish site. Representative projects selected for comparative purposes
for the large Duwamish configuration are shown in Table 3-3.

Table 3-3 is based upon achieving the target goals of 75 and 90 percent CSO reduction in
both the SSA and the NSA, as specified in the Memorandum of Agreement. It is evident that
increasing the level of CSO reduction is more costly per gallon in the NSA. If the target
goals were revised to be an overall reduction of 75 and 90 percent, the costs for CSO control
would be reduced (as illustrated in Table 3-4) at the 75 percent target. However, at the 90
percent target, there is little difference in cost because it also becomes costly in the SSA to
remove added CSO volumes as the target increases from 75 to 90 percent. The remainder of
this supplement addresses alternatives on the basis of equal CSO reductions in both the NSA
and the SSA; however, if reduction calculated on an overall basis proves acceptable to DOE,
there will be savings in costs at the 75 percent target.
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TABLE 3-2

COST/VOLUME EFFECT RELATIONSHIP OF REPRESENTATIVE CSO CONTROL
PROJECTS FOR LARGE DUWAMISH CONFIGURATION

Annual Cumulative Cost
Yol. CSO Percent (millions, 1988 dollars)
SSA Remaining(MG) Reduction(®) Incremental Cumulative
Existing CSO Volume 1,941
Sewers Sized for;
Base Flows (Year 2005) 10.2 10.2
Hanford, CATAD & EBI Storage(®) 942 51 15.4 25.6
Plus Diagonal Separation 753 61 29 28.5
Plus Kingdome/Industrial Separation 595 70 18.9 47.4
Plus Michigan Separation 410 79 24.3 71.7
Plu;_s Duwamish CSO Plant 194 90 53.6 » 125.3
39.7 39.7(2)
- , CATAD & EBI Storage® 715 63 16.8 56.5
Plus Diagonal Separation 529 72 29 59.4
Plus Kingdome/Industrial Separation 395 80 18.9 78.3
Plus Michigan Separation 192 91 24.3 102.6
Storm 4 126.2 126.2(2)
Hanford, CATAD & EBI Storage(® 218 89 19.8 146.0
Plus Diagonal Separation 40 98 29 1489
Storm 6 236.8 236.8(4)
Hanford, CATAD & EBI Storage® 94 95 20.6 257.4
NSA
Existing CSO Volume 468
Sewers Sized for:
* Base Flows (Year 20035)
CATAD 550 - 2.8 2.8
Plus Green Lake/I-5 Separation 421 10 10.2 13.0
Plus Separation Projects(® 245 48 42.0 55.0
Plus Fort Lawton Tunnel Storage 150 68 1.6 62.6
Plus University Storage 89 81 28.2 90.8
Plus Added Sep. & Storage Proj.(®) 47 90 33.2 124.0
Storms 2‘F 4.6
CATADG 356 24 39 3.9
Plus Green Lake/I-5 Separation(®) 237 49 10.2 14.1
Plus Separation Projects 122 74 42.0 56.1
Plus Fort Lawton Tunnel Storage 101 78 7.6 63.7
Plus University Storage 37 92 28.2 91.9
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TABLE 3-2 (Continued)

(1) Based on existing CSO volumes.

(2) Costs to increase regional system capacity to accommodate flows associated with design
storms; see Appendix B.

(3) Including added secondary treatment costs.

(4) Including $10,500,000 for West Duwamish sewers.

(5) Projects 1 - 5 and and 11 - 14 from Table 2-15.

(6) Storage at Ballard regulator and Ballard No. 1 weir, plus remaining four separation
projects from Table 2-15.




TABLE 3-3

REPRESENTATIVE CSO PROJECTS USED FOR LARGE DUWAMISH

* 1985 annual O&M.

Cost (millions)
Present

Worth Capital

75 PERCENT R TION
Added Secondary PlanfO&M $ 1.4 --
Alki and Carkeek CSO Plants 22.2 $12.6
Hanford Separation 30 3.0
CATAD Modifications 5.6 56
EBI Storage 17.8 10.8
Diagonal Separation 29 29
-Kingdome/Industrial Area Separation 6.2 6.2
Green Lake/I-5 Separation 10.2 10.2
-~ NSA Separation Projects 36.2 36.2
Ft. Lawton Storage Project 1.6 6.2
Subtotal $113.1 $ 937
Regional System Cost for Storm 2 Flows 397 39.7
TOTAL $152.8 $1334

DDE R E PERCENT REDUCTION

Projects for 75% Volume Reduction $152.8 $1334
Kingdome/Industrial Area Separation (balance) 12.7 12.7
Michigan Separation 24.3 24.3
NSA Separation Projects 2.5 2.5
University Storage 282 216
TOTAL $220.5 $200.5

Oo&M
1,000

$ 68.0
330.0

240.0

r)*




TABLE 3-4

RELATIVE COSTS TO ACHIEVE TARGET CSO REDUCTIONS
IN BOTH NSA AND SSA VERSUS AN OVERALL BASIS
FOR CSO YOLUME REDUCTIONS FOR LARGE DUWAMISH

Total Existing CSO = 1,941 + 468 = 2,409 MG/Ye'ar
75 Percent Reduction = 601 MG/Year Remaining
90 Percent Reduction = 240 MG/Year Remaining

Cost (million $)

Using Overall Using Same Target
Basis for Reduction in Both
Using Overall Basis: MG/vyear Reduction SSA & NSA
Alki and Carkeek 22.2
SSA (see Table 3-2)
Storm 2 Projects,
Kingdome + 15% of Mich. Sep. 364 79.3
NSA, Storm 2
Projects Through Green Lake 237 14.1
75% Target Reduction Totals 601(1) 115.6 152.8(2)
For 90% Target Reduction:
Alki and Carkeek ‘ , 22.2
SSA, Storm 2 Projects (Table 3-2) 99.9
+ 50 mgd Duwamish CSO Plant 118 : 56.0
NSA, Storm 2 Projects,
Through Separation Projects 122 56.1
90% Target Reduction Totals 240(3) 234.2 220.5(2)

(1) 75% overall reduction as a result of 81% in SSA and 49% in NSA.
(2) From Table 3-3.
(3) 90% overall reduction as a result of 94% in SSA and 74% in NSA.
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LARGE INTERBAY

The cost/volume effects for representative CSO projects for the large Interbay configuration
are shown in Table 3-5 for each of the capacities of the regional system considered. The
approach and rationale have been described in the preceding pages and are not repeated here.
It was found that sizing the regional system for storm 2 flows provided the lowest-cost
approach for both 75 and 90 percent reduction. It should be noted from Table 3-5 that at 90
percent volume reduction, increasing the capacity of the regional system to convey storm 4
flows is competitive in cost with the storm 2 sizing. Using the storm 4 capacity has the
advantage of eliminating several projects, including three separation projects. Using the storm
4 flows has the disadvantage of not being amenable to phasing. If the large Interbay
configuration is selected, the optimization of the size of the regional conveyance and
treatment system should receive further study. The storm 2 conveyance capacity is used as
the basis for representative projects because of its compatibility with project phasing, which
may be necessary to match Metro’s fiscal resources. Because separation alone would not
achieve 75 percent reduction in the NSA, the University storage project was used in
conjunction with separation of a part of the identified separation projects in the NSA. The
remaining separation projects were used to achieve 90 percent. Table 3-6 shows the
representative CSO projects used for the large Interbay option.

SPLIT INTERBAY/DUWAMISH

Table 3-7 shows the cost/volume effects for representative CSO projects selected for the split
Interbay/Duwamish configuration. Again, sizing the regional system for storm 2 flows provided
the lowest-cost approach for both 75 and 90 percent reduction. Table 3-8 shows the
representative projects used for the split plants.

The split Interbay/Duwamish option reverses the flows from King Street south to the
Duwamish site. The Pike Street adit north would be conveyed to an Interbay plant. The
secondary planning team proposes to convey sewage from King Street south with 36- to
66-inch sewers. It would be necessary to increase the size of these pipes to 60 to 90 inches,

at an increased cost of $15,000,000, to optimize the potential CSO benefits associated with
this configuration.

The flows being carried northerly by the Interbay pumping station are based on the secondary
planning assumption of 28 mgd. Under this assumption, treatment of the Denny CSO would be
required to achieve 90 percent volume reduction. The split-size Interbay plant would have
space for potential use for treatment of the Denny Way CSO. Representative project costs
are based on the same location for the Denny Way facility used in the other alternatives. If
the split Interbay/Duwamish option is selected, consideration should be given to locating the
Denny CSO treatment facility at the Interbay plant site and using the existing Interbay
pumping station to convey the combined sewage to that site. Also, as discussed for the large
Interbay alternative, sizing of the regional conveyance system for storm 4 flows should receive
further consideration if the split Interbay/Duwamish option is selected.
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TABLE 3-5

COST/VOLUME EFFECT RELATIONSHIP OF REPRESENTATIVE CSO CONTROL
PROJECTS FOR LARGE INTERBAY CONFIGURATION

Annual Cumulative Cost
Vol. CSO Percent . (millions, 1988 dollars)
SSA Remaining (MG) Reduction® Incremental  Cumulative
Existing CSO Volume 1,941
wers Sized for:

Base Flows (Year 2005)

Hanford, CATAD 1,396 28 5.8 5.8

Plus Diagonal Separation 1,234 36 29 8.7

Plus Kingdome/Industrial Separation 928 52 18.9 27.6

Plus Michigan Separation 689 65 243 51.9

Plus Denny CSO Plant 456 77 52.2 104.1

Plus Duwamish CSO Plant 195 90 93.7 197.8

Storm 2 33.4 33.4(2)

Hanford, CATAD®) 1,048 46 7.9 413

Plus Diagonal Separation 845 ~.56 . 29 - L4422

Plus Kingdome/Industrial Separation 599 69 18.9 63.1

Plus Michigan Separation 396 80 24.3 87.4

Plus Denny CSO Plant ... 206 9% - 92.2 ~~139.6
) Plus Duwamish CSO Plant 104 95T CT937 =233.3

Storm 4 133.7 133.7(2)

Hanford, CATAD®) 190 90 13.2 146.9

Storm 6 '274.6 274.614)

Hanford, CATAD®) 100 95 13.8 288.4

NSA

Existing CSO Volume 468

wers Sized for:

Base Flows (Year 2005)

CATAD 550 - 2.8 2.8

Plus Green Lake/I-5 Separation 421 10 10.2 13.0

Plus Separation Projects(® 245 48 42.0 55.0

Plus Use Interbay Plant(®) 108 77 42.1 97.1

Plus University Storage 47 90 28.2 125.3




TABLE 3-5 (Continued)

Annual Cumulative Cost
Vol. CSO Percent (millions, 1988 dollars)
Remaining (MG) Reduction!) Incremental Cumulative

m_%»fu
CATAD 356 24 39 3.9
Plus Green Lake/I-5 Separation 237 49 10.2 ~14.1 ~
Plus Separation Projects 122 74 42.0 56.1
Plus University Storage 58 88 28.2 84.3
Plus ' Added Separation Projects 47 90 15.5 99.8

(1) Based on existing CSO volumes.

(2) Costs to increase regional system capacity to accommodate flows associated with design
storms; see Appendix B.

(3) Including additional treatment costs.

(4) Including $10,500,000 for West Duwamish sewers.

(5) Projects 1 - 5 and and 11 - 14 from Table 2-15.

(6) See Table 2-16.
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TABLE 3-6

REPRESENTATIVE CSO PROJECTS USED FOR LARGE INTERBAY

Cost (millions)
Present O&M
Worth Capital ($1.000/yr)*

75 PERCENT REDUCTION

Added Secondary Plant O&M $ 21 - $104.0
Alki and Carkeek CSO Plants 22.2 $ 126 330.0
Hanford Separation 3.0 3.0 --
CATAD Modifications 5.6 5.6 --
Diagonal Separation 29 29 -
Kingdome/Industrial Area Separation 18.9 18.9 -
Michigan Separation 10.9 10.9 -
Green Lake/I-5 Separation 10.2 10.2 2.0
NSA Separation Projects 20.5 20.5 --
University Storage 282 216 200
Subtotal : $124.5 $112.2 $456.0
Conveyance Cost 334 —334 —_—
TOTAL ' $157.9 $145.6 $456.0
90 PERCENT REDUCTION

Projects for 75% CSO Volume Reduction $157.9 $145.6 $456.0
Denny CSO Treatment 52.2 49.8 83.0
Michigan Separation (Balance) 13.4 54 --
NSA Separation Projects 37.0 37.0 --
TOTAL $260.5 $237.8 $539.0

* 1985 annual O&M.




TABLE 3-7

COST/VOLUME EFFECT RELATIONSHIP OF REPRESENTATIVE. CSO CONTROL
PROJECTS FOR SPLIT INTERBAY/DUWAMISH CONFIGURATION

Annual Cumulative Cost
Yol. CSO Percent {millions, 1988 dollars)

SSA Remaining (MG) Reduction(¥) Incremental  Cumulative

Existing CSO Volume 1,941

Sewers Sized for:

Base Flows (Year 2005)

Hanford, CATAD & EBI Storage 1,239 36 15.4 154

Plus Diagonal Separation 1,023 47 2.9 18.3

Plus Kingdome/Industrial Separation 806 58 18.9 37.2

Plus Michigan Separation 562 71 243 61.5

Plus Denny CSO Plant 100 95 52.2 113.7

Plus Duwamish CSO Plant 71 96 89.7 2034
(“storm2 ) , 23.8 23.8(2)
"\ ~CATAD & EBI Storage(®) 882 55 17.6 41.4

Plus Diagonal Separation 681 65 29 44.3

Plus Kingdome/Industrial Separation 545 72 18.9 63.2

Plus Michigan Separation 367 81 243 87.5

Plus Denny CSO Plant 100 95 522 139.7

Storm 4 : 121.0 121.0

Hanford, CATAD & EBI Storage(® 324 83 21.0 142.0

Plus Diagonal Separation 146 92 29 1449

Storm 6 253.4 253.4(4)

Hanford, CATAD & EBI Storage(® 191 90 12.2 265.6

NSA

Existing CSO Volume 468

wers Sized for:

B Flows (Year 2005

CATAD 550 - 2.8 2.8

Plus Green Lake/I-5 Separation 421 10 10.2 13.0

Plus Separation Projects(5) 245 48 42.0 55.0

Plus Use Interbay Plant(® 108 77 448 99.8

Plus University Storage 47 90 28.2 128.0
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TABLE 3-7 (Continued)

Annual Cumulative Cost
Vol. CSO Percent (millions, 1988 dollars)
Remaining (MG) Reduction®™ Incremental  Cumulative

Storms %, 4, 6

CATAD 356 24 3.9 3.9
Plus Green Lake/I-5 Separation 237 49 10.2 14.1
Plus Separation Projects 122 74 42.0 56.1
Plus University Storage 58 88 28.2 84.3
Plus Added Separation Projects 47 90 15.5 99.8

(1) Based on a year with average rainfall; existing CSO with no CSO controls = 1,941
MG/year in SSA and 466 MG/year in NSA.

(2) Costs to increase regional system capacity to accommodate flows associated with design
storms; see Appendix B.

(3) Including added secondary treatment costs.

(4) Including $10,500,000 for West Duwamish sewers.

(5) Projects 1 -5 and 11 - 14 from Table 2-15.

(6) See Table 2-17.
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TABLE 3-8

REPRESENTATIVE CSO PROJECTS USED FOR SPLIT INTERBAY/DUWAMISH

Cost (millions)
Present o&M
Worth Capital ($1.000/vr)*
ISPERCENTREDUCTION
Added Secondary Plant O&M $ 22 - $107.0
Alki and Carkeek CSO Plants 22.2 $12.6 330.0
Hanford Separation 3.0 3.0
CATAD Modifications 5.6 5.6
EBI Storage 9.6 0.6 240.0
Diagonal Separation 29 29
Kingdome/Industrial Separation 18.9 18.9
Michigan Separation 8.0 8.0
Green Lake/I-5 Separation 10.2 10.2 2.0
NSA Separation Projects 20.5 20.5
University Storage 28.2 27.6 20.0
Added Conveyance from King Street 13.0 15.0 --
Subtotal $146.3 $1249 $699.0
Conveyance Cost 238 238 —_—
TOTAL $170.1 $148.7 $699.0
90 PERCENT REDUCTION
Projects for 75% CSO Volume Reduction $170.1 $148.7 $699.0
Michigan Separation 16.3 16.3 --
Denny CSO Plant (75 mgd) 41.7 40.0 60.0
NSA Separation Projects 370 _370 -
TOTAL $265.1 $242.0 $759.0
*1985 annual O&M.
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CHAPTER 4

CSO ALTERNATIVES
FOR SECONDARY SYSTEM ALTERNATIVES 1 THROUGH 4

R VA

Volume III of the November 1985 facilities plan identified representative CSO control projects
for each of the four secondary system alternatives. The projects were not selected to achieve
the target goals of 75 and 90 percent CSO volume reduction being used for comparisons in
this supplement. In Volume III, the representative projects were selected based on the
"knee-of-the-curve” concept; that is, representative projects were combined until the

cost-benefit curve showed a sharp increase indicating that the benefits were no longer

proportional to the added costs. As a result, the combinations of representative projects
achieve similar, but not identical, volume reductions for each of the four secondary system
alternatives. Also, Volume III did not identify representative projects that could achieve 90
percent CSO volume reduction in the NSA. The CSO control alternatives described in Volume
111 were evaluated further in preparation of this supplement to:

M  Identify representative CSO projects to achieve the target goals of 75 and 90 percent
CSO reduction established for this supplement.

™ Identify CSO projects that could be added to those in Volume III to achieve 90 percent
CSO reduction in the NSA.

¥ Apply the refined computer models used to evaluate CSO alternatives for secondary
system alternative 5 so that all alternative secondary systems are compared equitably.

¥  Apply the newly developed pollutant loading model to secondary system alternatives |
through 4,

N RNATIV

The representative projects, described in detail in Volume III and briefly described in Chapter
2 of this supplement, used in conjunction with secondary system alternatives 1 through 4 in
the November plan include:

CATAD Improvements

Hanford Separation

Diagonal Separation

Kingdome/Industrial Area Separation

CSO Treatment Plant Near Denny Way

CSO Treatment Plant Near Duwamish Pumping Station
University Regulator CSO Control (Green Lake/I-5 Separation)
Parallel Fort Lawton Tunnel

Michigan Street Separation

In addition, the following added projects described in Chapter 2 of this supplement were
evaluated for secondary system alternatives 1 through 4:
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Diagonal Storage

Kingdome Storage

NSA Sewer Separation Projects Involving 2,470 Acres
Alaskan Way Storage

Because of costs and other considerations previously discussed in Chapter 3, the storage
projects at Kingdome, Diagonal Avenue, and Alaskan Way were not used as representative
projects. The separation projects for the Kingdome/industrial area and for the Diagonal basin
are acceptable CSO reduction practices that accomplish similar CSO volume reductions at lower
cost.

The concept of parallel operation of the primary and secondary treatment units described in
Chapter 2 was also considered for system alternatives 1 through 4. Parallel operation was not
found to offer any savings for these system alternatives.

Work subsequent to the November 1985 plan found that partial separation of the Lake Union
area would enable a reduction in the size of a Denny Way CSO treatment facility from 100
mgd to about 75 mgd. Partial separation of the Lake Union area was estimated to cost
$20,600,000. A reduction in the Denny Way CSO treatment facility from 100 to 75 mgd would
provide a savings of about $10,000,000. However, the Lake Union separation would also reduce
City CSO into Lake Union. Although Denny Way CSO treatment is used as the representative
CSO project, the merits of Lake Union partial separation with a smaller Denny Way CSO
facility should receive added consideration in predesign.

A T M D Y

Revision of drainage basin and collection system characterization data and revision of the
predictive computer models were described in Chapter 2 of this supplement. These revised
models were used to evaluate the CSO control projects listed above. The results (volume
remaining, percent reduction, cost) are summarized in Table 4-1. Secondary system
alterna-tives 3 and 4 incorporate the 133 mgd pumping rate at the Interbay pumping station
used in the supplement to the secondary facilities plan for secondary system alternatives 3 and
4. Pollutant loadings for each receiving water were calculated and are discussed in Chapter 5.

The Diagonal drainage basin has CSO discharges from both Metro and the City. These CSO
discharges are mixed, and both discharge from a storm drain near the Duwamish pumping
station. The CSO volumes shown in this report (as in Volume III of the November 1985 plan)
include the discharge from this storm drain in the CSO volumes at the Duwamish pumping
station.

Based upon the results shown in Table 4-1, the representative CSO control projects shown in
Tables 4-2 and 4-3 were used for secondary system alternatives 1 through 4.

Where the comparative target reductions (75 or 90) fell between two calculated points, the
cost was determined by interpolation between the two points, based upon the projects
involved. The costs included in Table 7-2 of Volume III for SSA CSO control were (including
Alki and Carkeek): secondary system alternatives 1 and 2--$57,900,000; secondary system
alternatives 3 and 4--$98,800,000.

The costs for 75 percent CSO reduction for secondary system alternatives 1 and 2 for the SSA
and Alki and Carkeek are slightly higher ($58,400,000 vs. $57,900,000) than the project costs
estimated in Volume III because:
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TABLE 4-1

SUMMARY OF CSO PROJECT EFFECTS
FOR SECONDARY SYSTEM ALTERNATIVES 1 THROUGH 4

4 A 4 Cumulative
SSA - Zﬁ?ﬂ)&‘ Cumulative Cost
Annual CSO Volume Percent(V) (millions,

Alternatives 1 and 2 Remaining (MG)  Reduction 1988 dollars)
Existing CSO Volume 1,941
CATAD Modifications
Plus Hanford Separation (477 1,570 19 5.8(2)
Plus Duwamish Secondary wd 906 33 12.0
Plus Diagonal Separation (53) 153 61 14.9
Plus Kingdome/Ind. Sep.() 247> 504 74 33.8
Plus 100 mgd Denny CSO Treatmentl) 2,7) 295 85 86.0
Plus Michigan Separation(5) (/57 > 138 93 110.3
Alternatives 3 and 4
Existing CSO Volume 1,941

» CATAD Modifications

- Plus Hanford Separation £95) 1,396.9) 28 5.8
Plus Diagonal Separation /ez) 1,234 36 (z4) 87
Plus Kingdome/Ind. Sep. (3 p.f) 930 52 5D 27.6
Plus Michigan Separation(™ (7415 689 65 (242 519
“Plus Denny CSO Treatment n( 456 77 (52.2) 104.1
Plus 100 mgd Duwamish CSO Treat ?%-81 195 90 (70.69 194.1
NSA
Alternatives 1 and 2
Existing CSO Volume 468
CATAD Modifications 356 . 24 2.8
Plus Green Lake/I-5 Separation 236 50 13.0
Plus Parallel Fort Lawton Tunnel 168 64 30.0
Plus Nine Separation Projects(®) 96 80 72.0
Plus University Storage 33 93 100.2
Al iv nd 4
Existing CSO Volume 468

» CATAD Modifications (75> 395 16 o, 28

o Plus Green Lake/I-5 Separation (/z ,0 271 42 oy 13.0
Plus Parallel Fort Lawton Tunnel Zro! 170 64 - "30.0
Plus Nine Separation Projects(10) 7S 99 79 N X
Plus University Storage ( PRE 36 92 "100.2




TABLE 4-1 (Continued)

(1
()
(3)

4)

(5)
(6)
(7

3)

)

(10)

Existing CSO Volume = 1,941 MG/year in SSA and 468 MG/year in NSA; expressed in
terms of existing CSO volume in a year in which average rainfall occurs.

$2,800,000 SSA CATAD modification and $3,000,000 Metro share of Hanford separation
($11,000,000 total). :

For 75% volume reduction, about 10% of the Michigan separation would be included.

Based on location of 1,000 feet east of Denny Way regulator station, east of railroad
tracks to the east of Myrtle Edwards Park, including 1,000 feet of outfall into Elliott
Bay.

For 90% volume reduction, about 67% of the Michigan basin would be separated.
Includes effects of increasing Interbay pumping station rate from 100 mgd to 133 mgd.

For 75% volume reduction, about 90% of the Michigan basin would be separated in
conjunction with Denny Way CSO Treatment Facility.

Includes cost of 1,000 feet of treated-CSO outfall and 11,500 feet of on-shore
transmission line, as well as the cost of 5,000 feet of 96-inch influent sewer from
Hanford and a new 100 mgd pumping station.

For 75% volume reduction, 450 impervious acres would be separated at a cost of
$29,800,000.

For 90% volume reduction, 515 impervious acres would be separated at a cost of
$32,800,000, plus University storage.

For 75% volume reduction, 480 impervious acres would be separated at a cost of
$31,500,000.

For 90% volume reduction, 535 impervious acres would be separated at a cost of
$35,000,000, plus University storage.
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TABLE 4-2

REPRESENTATIVE CSO PROJECTS FOR
SECONDARY SYSTEM ALTERNATIVES 1 AND 2

75 PERCENT VOLUME REDUCTION Cost (millions)
Present Oo&M
Worth Capital (1.000/yr)(1)

Alki CSO Treatment Plant $179 $10.8 $244
CATAD Modifications 56 56 -
Carkeek Park CSO Treatment Plant 4.3 1.8 86
Parallel Fort Lawton Tunnel 17.0 17.0 -
Hanford Separation 3.0 3.0 -
Green Lake/1-5 Separation 10.2 10.2 2
Diagonal Separation 2.9 29 -
Kingdome/Industrial Area Separation 18.9 18.9 -
Added Secondary Plant O&M(?) 6.2 - 213
Michigan Separation(® 2.4 2.4 -
NSA Separation Projects 298 29.8

TOTAL $118.2 $102.4 $545

20 PERCENT VOLUME REDUCTION

Projects for 75 Percent Volume Reduction $118.2 $102.4 $543
Added NSA Separation Projects 4.0 4.0 -
) Increase Separation of Michigan Basin to 67% 13.2 13.2 -
‘ CSO Treatment near Denny Way Regulator 52.2 49.8 83
‘ University Storage 282 276 _20
TOTAL $215.8 $197.0 $646

(1) 1985 annual O&M.

(2) Added operation and maintenance costs experienced at secondary treatment plants for
treatment of added combined sewage flows transported to the plants as a result of CSO
control projects.

(3) About 10 percent of area separated.




TABLE 4-3

REPRESENTATIVE CSO PROJECTS
FOR SECONDARY SYSTEM ALTERNATIVES 3 AND 4

Cost (millions)
15 PERCENT VOLUME REDUCTION Present O&M
Worth Capital ($1,000/vr)*
~ CSO Equalization at Alki Treatment Plant $ 192 ~$18.5 $ 26
~ CATAD Modifications 5.6 — 5.6 -
™~ Carkeek Park CSO Treatment Plant 43 1.8 86
* Parallel Fort Lawton Tunnel 17.0 1710 -
~ Hanford Separation 3.0 —>30 -
- ™Green Lake/I-5 Separation 10.2 10.2 2
"~ ~Diagonal Separation 2.9 29 --
~ Kingdome/Industrial Area Separation 18.9 18.9 -
¢ CSO Treatment near Denny Way Regulator (100 mgd) 52.2 49.8 83
~Michigan Separation (90 Percent of Basin) 22.8 22.8 -
~~ NSA Separation Projects 315 o 3 —_
(/,:'."" e ‘

TOTAL $187.6 L $1820/ ) $197

90 PERCENT CSO REDUCTION

Projects for 75% CSO Reduction $187.6 $182.0 $197

100 mgd Duwamish CSO Treatment Plant 900 86.2 123

NSA Separation Projects o 35 3.5 --

Remainder of Michigan Separation T 1.5 1.5 -

University Storage : 2

TOTAL $310.8 | $300.8 $340

N
* 1985 annual O&M.
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W The combination of projects evaluated in Volume III provides only 74 percent SSA CSO
reduction, requiring addition of a small portion of the Michigan separation project to
reach 75 percent reduction. This added cost is $2,400,000.

% The Duwamish secondary plant, using the refined basin data, results in a slightly smaller
volume of CSO receiving treatment than predicted in Volume III; thus, associated
operation and maintenance costs for this volume have been reduced by $1,900,000.

The costs for 75 percent SSA CSO reduction for secondary system alternatives 3 and 4 are
more than those in Yolume 1II because:

¥  Based on the revised computer models, the combination of projects in Volume III provides
64 percent SSA CSO reduction. Ninety percent of the Michigan separation project must
be added to provide 75 percent CSO reduction. This cost is $21,800,000.

MM The Denny CSO plant under Myrtle Edwards Park is unacceptable to the City.
Relocation of the plant to a site on the east side of the railroad tracks has been used to
evaluate this alternative. This added cost is $3,200,000.

For 90 percent SSA CSO reduction, the costs are impacted by the following changes:

¥ The Michigan separation project greatly reduces the combined sewage quantity at the
Duwamish site. For 90 percent CSO control, a Duwamish CSO plant would require return
of combined sewage from the Hanford node. This added cost is $11,000,000.

# DOE has ruled that treated CSO may not be discharged to the Duwamish River and that
an outfall must be extended into Elliott Bay. This would add costs to extend the outfall
11,500 feet from the Duwamish site to a point north of Harbor Island and to construct a
submarine outfall. The added cost is $19,000,000.

The cost included in Table 7-2 of Volume III for NSA CSQO control was $30,000,000. This cost
increases to $59,800,000 for secondary system alternatives | and 2 for 75 percent volume

reduction. The cost for 75 percent NSA CSO control is more than the cost predicted in
Volume III because:

¥ The improved data on NSA basin and system characteristics have resulted in a slightly
larger volume of NSA CSO that must be reduced (about another 120 MG/year).

# The NSA projects shown in Volume III provided less than 75 percent NSA CSO volume
reduction.

W  As shown in Figure 6-1 of Volume IIl, a small amount of additional NSA CSO reduction
is very costly.

The cost for 75 percent CSO volume reduction in the NSA increases to $61,500,000 for
secondary system alternatives 3 and 4. The slight increase, relative to secondary system
alternatives 1 and 2, for secondary system alternatives 3 and 4 results from the added NSA
CSO control projects required to offset the increased pumping rate at the Interbay pumping
station. In the November plan, the Interbay pumping station was shown to be operating at
about 100 mgd. Subsequent to the November plan, the secondary team revised the pumping



rate to 133 mgd. This higher rate reduces CSO in the SSA but increases CSO in the NSA,
because the higher flow from the pumping station displaces some combined sewage from the NI
during storms.

Chapter 5 of this supplement summarizes the effects on pollutant loadings of CSO project
combinations that achieve 75 and 90 percent CSO volume reduction.

Y
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CHAPTER 5§

COMPARISON OF CSO CONTROL ASPECTS
OF SECONDARY SYSTEM ALTERNATIVES

INTRODUCTION

In the preceding chapters, individual, representative CSO control projects were evaluated
with economic and non-economic criteria. After screening the projects using non-economic
criteria, the remaining projects were combined to achieve the target CSO volume reductions
of 75 and 90 percent at the lowest cost for each secondary system alternative. During the
course of this planning process and the plan implementation, these representative "building
block" projects can be combined in different ways to achieve varying levels of CSO control,
either for a given CSO location or on an overall, system-wide basis. This chapter compares
the overall CSO control aspects of the five secondary system alternatives based on the
representative project combinations developed in Chapters 2 through 4 and summarized in
Table 5-1.

COSTS

In the preceding four chapters, present-worth costs have been expressed in terms of 1988
dollars, assuming that each CSO project would be constructed by 1991, the same basis used
in Volume III of the November 1985 plan. The economic factors used are also the same
ones used in Volume III: discount rate = 10%; inflation = 6%, general; 7%, construction; and
8%, energy. It was recognized in the November plan that it was not practical to actually
construct all of the CSO projects by 1991 (illustrative phasing was presented in Chapter 7),
and the 1991 date was used solely for comparative purposes. A common completion date
allows direct comparison of CSO costs for secondary system alternatives, without question of
different CSO phasing assumptions for different secondary system alternatives. Also it
allows direct comparison of the relative costs to achieve varying levels of CSO volume
reduction, because all of the "building block” project costs are expressed on the same basis.

For purposes of combining the present-worth CSO control costs with the present-worth
secondary treatment costs, phased construction of CSO projects has been assumed, as shown
in Appendix C. The timing of several CSO projects (i.e., storage in the EBI) is dictated by
related clements of the secondary system. As a result, there is a peaking of CSO capital
costs in the 1991-1993 period for some cases. In addition to the economic basis described
above, secondary present-worth costs were also determined with: discount rate = 8.5%;
inflation = 5%, general and construction; and 7%, energy. The alternate set of economic
factors is used for CSO projects as well, because the secondary team used them to evaluate
their potential effect on present-worth costs. Table 5-1 summarizes the cost of the
representative CSO projects for each set of the economic factors. Table 5-2 combines the
phased CSO present-worth costs with the phased secondary system present-worth costs, both
using 10 percent discount rate and related economic factors.

Figures 5-1 and 5-2 summarize the costs to achieve varying levels of CSO control for each
of the secondary system alternatives. Each of the cost curves reaches a point, the "knee of
the curve," where costs begin to increase much more sharply than do the related benefits.
In the NSA, the knee of the curve occurs at 42 to 50 percent CSO reduction. In the SSA,
it occurs at 65 to 75 percent, depending upon the secondary system alternative. If the
knee-of-the-curve approach were applied, the following CSO reductions and related costs
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would be experienced, using secondary system alternatives 2, 4 and 5 - large Duwamish as
examples (refer to Tables 3-2 and 4-1 for projects associated with the knee of the curve):

Secondary Present-Worth
System % CSOQ Volume Reduction_ CSO Costs
Alternatives NSA SSA Qverall (millions, dollars)
2 50 74 69 39
4 42 65 61 51
5 - Large Duwamish 49 72 68 68

As shown in Table 5-1, secondary system alternatives 1 and 2 have the lowest CSO control
costs because of the effects of the Duwamish secondary plant. During storms, this plant
would treat up to 100 mgd of SSA flow at the Duwamish node. Treatment of 100 mgd would
withdraw all of the flow that could be delivered by the sewers upstream of the Duwamish
pumping station. This would free up 100 mgd of capacity in the downstream reaches of the
EBI. As a result, downstream overflows would be reduced.

In alternatives 3 and 4, modifications to the Interbay pumping station (IBPS) would be made
as part of the secondary system modifications that would increase the IBPS output from 100
mgd to 133 mgd. This increased pumping rate would provide low-cost CSO reduction in the
SSA to about the 35 percent level. Beyond that level, CSO control would become more
costly in secondary system alternatives 3 and 4 than in system alternatives 1 and 2. The
higher IBPS rate would cause a slight increase in NSA CSO in system alternatives 3 and 4
that, as shown in Table 5-1, would be offset by increased sewer separation in the NSA.

The CSO control costs for secondary system alternative 5 generally fall between those for
alternatives 1 and 2 and alternatives 3 and 4. The costs in the NSA are essentially the
same. The differences in the costs in the SSA are affected by the total amount of SSA
outlet capacity inherent in the secondary system, which can be summarized as follows:

Secondary System Alternatives 1 and 2 IBPS = 100 mgd
Duwamish Sec. Plant = 100 mgd

Total = 200 mgd

Secondary System Alternatives 3 and 4 IBPS = 133 mgd

Secondary System Alternative 5
Total Treatment Capacity

(Regional System Sized for Storm 2 Flows) = 457 mgd
Minus NSA Storm 2 Flow Capacity = 300 mgd

Total = 157 mgd

The capacity for SSA flows in secondary system alternative 5 falls between those for
alternatives 1 and 2 and alternatives 3 and 4; therefore, it is not surprising that the CSO
control costs also fall between these other alternatives.
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Table 5-3 summarizes the effects of the representative project combinations on the CSO
volume at each CSO discharge point. Technical memorandum 7 presents detailed information
on the CSO discharges at each location for each of the seven design storms.

At 90 percent CSO volume reduction, the effects on individual CSO locations are similar for
all secondary system alternatives. However, with the representative projects used for 75
percent CSO volume reduction, the effects on SSA CSO volumes vary. In secondary system
alternatives 1 and 2, CSO at Hanford is virtually eliminated, but there is less reduction
(about 45 percent) of CSO at Denny Way. In secondary system alternatives 3 and 4 at 75
percent reduction overall, about 95 percent of the CSO at Denny Way is treated, but the
reduction of CSO at Hanford is less than in alternatives 1 and 2. In secondary system
alternative 5 at 75 percent volume reduction, reductions at Connecticut are greater than in
alternative 4. Reductions at Hanford are substantial in all cases (greater than in
alternatives 3 and 4), but reductions at Denny Way (none with split Interbay/Duwamish, 50
percent with large Interbay, and 65 percent with large Duwamish) are less than in
alternatives 3 and 4.

It is evident from Table 5-3 that the representative project combinations do not greatly
reduce CSO at the locations on the west side of the Duwamish River (8th Avenue West,
Michigan, Harbor, and Chelan), where smaller CSO volumes occur. A project, West Marginal
Way sewers, is described in Volume III (page 5-64) that would nearly eliminate CSO from
these locations at a cost of $10,504,000.

Pollutant Loadings

Using the methodology described in Chapter 2, pollutant loadings were estimated for each
discharge location for over 80 project combinations (see techmical memorandum 7 for
detailed results). Appendix A, Tables 5-4 through 5-6, and Figures 5-3 through 5-10,
summarize the results.

Figures 5-3, 5-4 and 5-5 present annual loadings of BOD, suspended solids, and lead at the
present time and in the year 2005 for 75 percent CSO volume reduction, using secondary
system alternatives 3 and 4 as examples.

There are no CSO discharges to the Central Basin of Puget Sound because combined sewage
flows through a treatment plant and an outfall to reach Puget Sound. However, there is a
substantial amount of stormwater that is collected from the combined service area and
conveyed through West Point to the Central Basin. In the NSA, about 85 percent of the
storm runoff from the area served by combined sewers is collected and conveyed to West

‘Point in a year with average rainfall. In the SSA, about 40 percent of the storm runoff

from the area served by combined sewers is collected and conveyed to West Point. When
combined sewers are separated to eliminate spills of sanitary sewage, stormwater loadings
that currently go to West Point and the Central Basin will be discharged from the new
separate storm drains to other receiving waters. In exchange, the sanitary sewage that
spilled into these other waters during storms will be conveyed to a secondary plant for
treatment and discharge to Puget Sound. To enable an evaluation of the net effect of these
tradeoffs, the Central Basin loadings associated with stormwaters from the combined sewer
areas are included in Tables 5-4, 5-5, and 5-6 and Figures 5-3, 5-4 and 5-5. Unfortunately,
the relative amounts of bacteria and virus discharged are not as easily quantifiable as the
other pollutants. The fact that sewer separation will greatly reduce the bacteria and virus
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discharges from combined sewers is not reflected in the tabulations or graphs.

Figures 5-3, 5-4, and 5-5 also include the loadings from the Renton and West Point plants
to provide a general perspective. At the present time, the Renton secondary effluent is
discharged to the Duwamish River. In 2005, the Renton effluent will be discharged off
Duwamish Head by the effluent transport system now under construction. At the present
time, the West Point effluent 1is primary-treated sewage; in 2005, it will be
secondary-treated sewage. As shown in Table 5-4, the CSO loadings would not be
substantially different at 90 percent volume reduction than at 75 percent. At 75 percent
CSO volume reduction, CSO-related BOD loadings would be reduced by 40 to 54 percent, and
suspended solids loadings would be reduced by 30 to 40 percent. At 90 percent, CSO-related
BOD loadings would be reduced by 45 to 57 percent, and suspended solids loadings by 37 to
43 percent.

As can be seen from Table 5-4, the overall CSO-related loadings do not vary greatly from
one secondary system alternative to another; however, the locations of the discharges vary.
Figures 5-6 and 5-7 summarize the loadings to each receiving water. Secondary system
alternatives 1, 2, and 5 transfer more of the reduced CSO loadings to the Central Basin of
Puget Sound than do secondary system alternatives 3 and 4.

Reductions in metals discharged to waterways are less than reductions in BOD and suspended
solids because treatment removes a lower percentage of metals than of BOD and suspended
solids. Also, separated stormwater metal concentrations are higher relative to
concentrations of stormwater BOD and suspended solids. CSO-related loadings of suspended
solids and metals increase over existing loadings for Ship Canal and Lake Union for all
secondary alternatives. The increase primarily results from the storm drain loadings from
the Green Lake/I-5 separation project. This project would remove a substantial amount of
storm runoff from the NI, and the resulting stormwater discharges would slightly increase
the solids and metal CSO-related loadings to the Ship Canal and Lake Union. The CSO-
related discharges of bacteria and viruses to the Ship Canal and Lake Union would be
substantially decreased and BOD loadings would also decrease. BOD, suspended solids,
cadmium, bacteria, and virus discharges related to CSO to the Duwamish and Elliott Bay are
reduced by all alternatives. At 75 percent CSO volume reduction, the large Duwamish
alternative provides a reduction in CSO-related lead and zinc discharges to Elliott Bay,
while all other alternatives provide no reduction or a slight increase. For alternatives 3
and 4, a portion of the CSO-related loads at 75 percent volume reduction would be
discharged through a new extended outfall from the Denny Way CSO facility and thus
removed from the near-shore area. At 90 percent volume reduction, about two-thirds of the
CSO-related loadings in secondary system alternatives 3 and 4 to Elliott Bay would be
through extended outfalls from CSO treatment facilities at Denny and at the Duwamish site.
To achieve 90 percent CSO volume reduction (Figure 5-7), the added separation used as
representative projects for the large Duwamish, makes lead discharges from the large
Duwamish alternative to Elliott Bay comparable to all the other alternatives. All
alternatives reduce loadings of all CSO-related pollutants to the Duwamish.

Considering the total loadings of pollutants from other non-CSO sources, the differences in
CSO-related loadings between secondary system alternatives are of questionable significance.
For example, a mass balance for pollutants in the Duwamish River prepared as part of the
Duwamish Clean Water Plan found that known and/or permitted sources could account for
only 1 to 5 percent of the total loads to the river and that CSOs were "minor sources of all
pollutants determined except fecal coliforms." Metro’s TPPS report found CSO input to
Elliott Bay to be a "tiny fraction of the estimated input to the Bay from the Duwamish
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River." Small differences in pounds per year of pollutants discharged between secondary
alternatives become insignificant as fractions of a percent of inputs to the Duwamish or
Elliott Bay.

As discussed in Chapters 2 and 3, storage projects were identified that could be used as an
alternative to sewer separation in the Kingdome and Diagonal areas, although at substan-
tially increased costs (about $49,000,000 greater cost). Figures 5-8 and 5-9 show the effect
that use of these two storage projects rather than separation would have on the CSO-
related pollutant loadings. As noted above, the significance of the differences is
questionable in light of the loadings from other sources. The added cost of the storage
option is significant in itself; in addition, commitment to a storage approach results in
massive structures that must be sited and which will present long-term operational and
maintenance considerations such as odor control, flushing of storage tanks, and impacts at
the treatment plants when the stored water is received.

Figure 5-10 compares three secondary system alternatives in terms of cost versus pollutant
loading. The costs of various secondary system alternatives to achieve a given pollutant
loading can be compared using Figure 5-10. As noted earlier, system comparisons are based
on 1991 construction for all CSO projects; thus, the 1991 costs in Figure 5-10 must be
adjusted to the phased present-worth basis if they are to be added to the phased secondary
system costs. Table 5-7 presents a sample cost comparison based on achieving a CSO-
related suspended solids loading of 1,400,000 1bs/year, a 35 percent reduction. Basing system
comparisons on equivalent overall CSO-related pollutant loadings rather than volume will
narrow the differences in secondary alternative costs. As shown in Table 5-7, rather than
using 75 percent volume reduction, the sample suspended solids loading basis would reduce
the difference between secondary system alternatives 2 and 4 by about $60,000,000 and
between alternatives 4 and 5 Duwamish by about $80,000,000. Rather than 90 percent
volume reduction, using the suspended solids reduction basis would reduce the difference
between alternatives 4 and 5 Duwamish and alternatives 4 and 2 by about $25,000,000.
However, the problem of assigning significance to differences in overall CSO-related loadings
has been discussed above. The fact that alternatives 2 and 5 - Duwamish provide greater
treatment is a fortuitous benefit inherent in these alternatives. Whether this inherent
benefit should be translated into a requirement for other alternatives is another issue. If
there is no discernable effect on water quality, then it does not make sense to add extra
costs to other alternatives to achieve a level that might be more than is needed.

The information in this CSO plan enables a comparison of CSO control based on volume
reduction or pollutant loadings. However, all sources of pollutant loadings to a given water
body need to be factored into the consideration of alternatives and levels of coatrol.

HE NSIDERATION

Another consideration is that potentiall regulatory policies may require treatment of
discharges from storm drains. Table 5-1 provides a comparison of the relative use of
separation in each of the secondary system alternatives. At 75 percent CSO volume
reduction, secondary system alternatives | and 2, 3 and 4, 5 - large Interbay and 5 - split
Interbay/Duwamish all involve the same separation projects noted above, although separation

1 DOE has advised Metro that no such policies are likely in the foreseeable future

--letter dated January 22, 1986, from DOE to Metro.
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of a greater portion of the Michigan basin is required for secondary system alternatives 3
and 4. No separation of Michigan and less separation of the Kingdome/industrial area are
required for the large Duwamish alternative at 75 percent reduction.

At 90 percent volume reduction, all of the secondary system alternatives include the
separation projects for Hanford, Diagonal, Kingdome/industrial area and Michigan (separation
of 67 percent of Michigan in secondary system alternatives 1 and 2, 100 percent in all other
alternatives) and similar scope of separation in the NSA. Thus, any new regulations
affecting monitoring or treatment of stormwater would have a similar effect on all
secondary system alternatives at 90 percent CSO volume reduction.
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TABLE §5-2

COSTS OF SECONDARY TREATMENT AND CSO CONTROL

1988 Present-Worth Costs (in $1,000,000)(")
Secondary - CSO Costs for Total Program Costs for
System Secondary CSO Volume Reduction CSO Volume Reduction
Alternatives Treatment Costs 3% 90% 3% 90%
1 1,416 104 188 1,520 1,604
2 1,232 104 188 1,336 1,420
3 1,309 157 256 1,466 1,565
4 1,116 157 256 1,273 1,372
5 - Large Duwamish 1,467 127 177 1,594 1,644
5 - Large Interbay 1,389 128 200 1,517 1,589
5 - Split Interbay/
Duwamish 1,506 137 206 1,643 1,712

(1) Discount rate = 10%; inflation = 6% general, 7% construction; 8% energy.
Phased expenditures for CSO projects per schedules in Appendix C.
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TABLE 5-7

EFFECT OF COMPARING CSO ALTERNATIVES ON BASIS OF POLLUTANT LOADINGS
RATHER THAN VOLUME REDUCTION

CSO Control Costs(t) at Reductions of ($ millions)

Secondary 75% 90% 35%
Svstem Alternative Yolume Yolume  Suspended Solids
4 186 310 225
5 - Duwamish 153 221 110
2 118 216 100
4 minus 5 Duwamish 33 89 115
4 minus 2 68 94 125

(1) Based on 1991 construction.
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APPENDIX A

EFFECTS OF CSO CONTROL PROJECT COMBINATIONS
ON
CSO YOLUME AND POLLUTANT LOADING






)
|
¥
i
I
|
u
|
|
|
.
|
X
|
"

o gX M

s

TABLE A-1

SECONDARY SYSTEM ALTER

CSO POLLUTANT ANNUAL
78 PERCENT CSO VOLUME REDUCTION

Untreated

I? TIVES 1 AND 2
LOADINGS,

Receiving Water Volume Pounds
ischar i MG) BOD SS  Cadmium  Lead Zinc
Duwamish 253 82,900 126,000 3.0 630 600
Hanford Storm Drain(2) - 19,900 87,100 3.2 630 640
Diagonal Storm Drain(?) - 7,600 82,000 3.1 330 520
Michigan Storm Drain(?) - 3,300 9,800 0.7 120 100
11 231 61,300 103,300 7.0 590 585
King Storm Drain(?) - 40,000 171,000 126 1,480 1,565
Ship Canal/
i 94 14,000 52,200 1.1 170 170
NSA Storm Drains - 20,000 114,000 35 650 650
Green Lake/I-5 Drain - 20,700 175,600 4.7 790 770
Lake Washington/Union Bay 2 400 1,200 0 4 4
Central Basin(3) —~ 363,800 295400  37.0 1,975 2,200

(1) Based upon a year with average rainfall.

(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.




TABLE A-2

SECONDARY SYSTEM ALTERI? TIVES 3 AND 4
CSO POLLUTANT ANNUAL'Y" LOADINGS,

75 PERCENT CSO VOLUME REDUCTION

Untreated -

Receiving Water Volume Pounds
& Discharge Location MG) BOD S8  Cadmium  Lead Zinc
Duwamish 373 191,700 275,300 130 730 950
Hanford Storm Drain(?) - 19,900 87,100 32 630 640
Diagonal Storm Drain(zz) - 7,600 82,000 3.1 330 520
Michigan Storm Drain(?) - 30,000 88,000 6.6 1,080 880
Elliott Bay ) 112 74,600 94,800  12.1 390 470
King Storm Drain(?) - 40,000 171,000  12.6 1,480 1,565
Denny CSO Outfall - 51,200 34,300 5.0 350 370
Ship Canal/
mmmgg_% 97 14,300 _ 45,100 1.2 175 175
NSA Storm Drains - 05200005 ¥%"114,000 /< 3.5 275 650 S75650
Green Lake/I-5 Drain - 20,700 175,600 4.7 790 770
Lake Washington/Union Bay 2 400 1,200 0 4 4
Central Basin(® - 204,000 197,900 24,0 1,300 1,500

(1) Based upon a year with average rainfall.
(2) Load from separated stormwater.
(3) CSO-related loads after being conveyed and treated at a central treatment facility.

- 8



e or o= K g &2 or £ G @ AF A & A BE & S &N W

TABLE A-3
SECONDARY SYSTEM ALTERNATIVE
LARGE DUWAMISH--CSO POLLUTANT ANNUAL{!) LOADINGS
75 PERCENT CSO VOLUME REDUCTION
Untreated
Receiving Water Yolume Pounds

& Discharge Location MG) BOD S§ Cadmium  Lead Zinc

Duwamish 300 78,300 138,000  10.0 740 750
Hanford Storm Drain(?) - 19,900 87,100 32 630 640
Diagonal Storm Drain(2) - 7,600 82,000 3.1 330 520

Elliott Bay 185 48,000 85,000 6.0 450 460
King Storm Drain(? - 14,000 60,000 4.4 520 550

Ship Canal/

Lake Union/Porsage Cyp 116 18,700 54,800 1.4 210 210
NSA Storm Drains - 24,000 137,000 4.2 780 780
Green Lake/I-5 Drain - 20,700 175,600 4.7 790 770

Lake Washington/Union Bay 2 400 1,200 0 4 4

Central Basin(® - 246,800 363,400 260 2,125 2,200

(1) Based upon a year with average rainfall.

(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.
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TABLE A-4

SECONDARY SYSTEM ALTERNATIVE(' l§

LARGE INTERBAY--CSO POLLLUTANT ANNUAL{!) LOADINGS,
75 PER VOLUME REDUCTION
Untreated
Receiving Water Volume Pounds

Duwamish 284 82,200 149,000 9.0 640 680
Hanford Storm Drain(3) - 19,900 87,100 3.2 630 640
Diagonal Storm Drain(2) - 7,600 82,000 3.1 330 520
Michigan Storm Drain(?) - 15,000 45,000 3.3 540 440

Elliott Bav 222 52,000 94,000 6.0 560 550
King Storm Drain(?) - 40,000 171,000  12.6 1,480 1,565

Ship Canal/

Mm&gmxg&% 116 18,700 54,800 1.4 210 210
NSA Storm Drains -- 13,000 77,000 24 440 440
Green Lake/I-5 Drain - 20,700 175,600 4.7 790 770

Lake Washington/Union Bay 2 400 1,200 0 4 4

Central Basin(® - 343,800 265,700  33.0 1,680 2,035

(1) Based upon a year with average rainfall.
(2) Load from separated stormwater.
(3) CSO-related loads after being conveyed and treated at a central treatment facility.




TABLE A-5

SECONDARY SYSTEM ALTERNATIVE 5
SPLIT INTERBAY/DUWAMISH--CSO POLLUTANT ANNUAL(D) LOADINGS,

Untreated

Receiving Water Volume
Duwamish 252
Hanford Storm Drain(® -
Diagonal Storm Drain(z) -
Michigan Storm Drain(z) -
230
King Storm Drain(3) -

Ship Canal/
Mmmmu% 116
NSA Storm Drains -

Green Lake/I-5 Drain -
Lake Washington/Union Bav 2
Centra] Basin(®) -

7S PERCENT CSO VOLUME REDUCTION

Pounds

BOD SS Cadmium  Lead Zing
131,600 167,400 25.0 660 860
19,900 87,100 3.2 630 640
7,600 82,000 3.1 330 520
11,700 34,000 2.6 420 340
96,350 153,400 22.0 480 670
40,000 171,000 12.6 1,480 1,565
18,700 54,800 1.4 210 210
13,000 77,000 2.4 440 440
20,700 175,600 4.7 790 770
400 1,200 0 4 4
291,400 226,100 58.0 1,315 1,490

(1) Based upon a year with average rainfall.

{2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.
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SECONDARY SYSTEM ALTER
CSO POLLUTANT ANNUA

90 PERCENT CSO VOLUME REDUCTION

Receiving Water
& Disct I .

wami
Hanford Storm Drain(z)
Diagonal Storm Drain(?)
Michigan Storm Drain(?)

Elliott Bay
King Storm Drain(®
Denny CSO Outfall
sShip Canal/
NSA Storm Drainsfl";)

Green Lake/I-5 Drain
Lake Washi 'Union B
Central Basin(®)

TABLE A-6

Untreated

1? TIVES 1 AND 2
L'"’ LOADINGS,

Pounds

Volume
MG) BOD
170 24,800
- 19,900
- 7,600
- 22,000
23 10,300
- 40,000
- 33,200
40 5,800
el 22,600
- 20,700
2 400
- 371,000

(1) Based upon a year with average rainfall.
(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.

$8  Cadmium  Lead

51,900
87,100
82,000
65,000

13,500

171,000
31,400

18,400
129,000
175,600

1,200

309,000

2.0
3.2
3.1
4.7

2.0

12.6
4.0

0.4
4.0
4.7

0

37.0

200
630
330
780

50

1,480
160

80
770
790

4

2,055

Zinc

240
640
520
640

70
1,565
360

80
770
770

2,280

|



TABLE A-7

SECONDARY SYSTEM ALTERNATIVES 3 AND 4

CSO POLLUTANT ANNUAL(
90 PERCENT CSO VOLUME REDUCTION

Untreated

Receiving Water Volume
& Discharge Location MG)
Duwamish 82

Hanford Storm Drain(?) -
Diagonal Storm Drain(?) -
Michigan Storm Drain(z) -

Elliott Bav 112
King Storm Drain(? -
Denny CSO Treatment Plant --
Duwamish CSO Treatment PIt.--

La.kg Union/Portage CE; 40
NSA Storm Drains

Green Lake/I-5 Drain -
Lake Washington/Union Bay 2
Central Basin(®) -

LOADINGS,

Pounds

BOD SS Cadmium  Lead Zinc
20,500 43,000 2.0 240 200
19,900 87,100 32 630 640
7,600 82,000 3.1 330 520
33,300 97,700 7.3 1,200 980
74,600 94,800 12.1 390 470
40,000 171,000 12.6 1,480 1,565
51,200 34,300 5.0 350 370
110,200 83,200 7.0 390 560
5,800 18,400 0.4 80 80
24,000 135,000 4.2 770 770
20,700 175,600 4.7 790 770
400 1,200 0 4 4
207,000 204,900 24.0 1,325 1,540

(1) Based upon a year with average rainfall.

(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.




SECONDARY SYSTEM ALTERNAT
LARGE DUWAMISH--POLLUTANT ANNUAL

90 PERCENT CSO VOLUME REDUCTION

Receiving Water
& Disct I .

wami
Hanford Storm Drain(z)
Diagonal Storm Drain(z)
Michigan Storm Drain(z)
King Storm Drain(z)
sShip Canal/
NSA Storm Drainsi%

Green Lake/I-5 Drain
Lake Washi 'Union B
Central Basin(®)

TABLE A-8

Untreated

{

YE S
) LOADINGS,

Pounds

Volume
MG) BOD
104 27,400
- 19,900
- 7,600
- 33,300
90 10,300
- 40,000
40 5,800
- 25,500
- 20,700
2 400
-- 258,730

(1) Based upon a year with average rainfall.
(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.

S8  Cadmium  Lead

54,700
87,100
82,000
97,700

5,500
171,000

18,400
146,000
175,600

1,200

377,440

3.0
3.2
3.1
7.3

2.0
12.6

0.4
4.5
4.7

0

28.0

210
630
330
1,200

250
1,480

80
825
790

4

2,281

Zinc

230
640
520
980

240
1,565

80
825
770

2,388




SECONDARY SYSTEM ALTERNATI
LARGE INTERBAY--CSO POLLUTANT ANNUAL

90 PERCENT CSQO VOLUME REDUCTION

Untreated

Receiving Water Yolume
& Discharge Location MG)
Duwamish 179

Hanford Storm Drain(® -
Diagonal Storm Drain(?) -
Michigan Storm Drain(z) -

Elliott Bay 27
King Storm Drain(® -
Denny CSO Outfall -

Ship Canal/

Mﬂﬂﬁﬂﬂ.ﬂ% 40
NSA Storm Drains

Green Lake/I-5 Drain -
Lake Washington/Union Bay 2
Central Basin(®) -

TABLE A-9

v

By
) LOADINGS,

Pounds

BOD SS Cadmium  Lead Zinc
53,000 102,000 5.0 365 405
19,900 87,100 3.2 630 640
7,600 82,000 3.1 330 520
33,300 97,700 7.3 1,200 980
6,100 10,900 1.0 70 70
40,000 171,000 12.6 1,480 1,565
33,200 31,400 4.0 160 360
5,800 18,400 0.4 80 80
36,500 208,000 6.4 1,180 1,190
20,700 175,600 4.7 790 770
400 1,200 0 4 4
349,350 272,600 34.0 1,750 2,125

(1) Based upon a year with average rainfall.

(2) Load from separated stormwater.

(3) CSO-related loads after being conveyed and treated at a central treatment facility.
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TABLE A-10

SECONDARY SYSTEM ALTERNATIVE §
SPLIT INTERBAY/DUWAMISH--CSO POLLUTANT ANNUAL(!) LOADINGS,

90 PERCENT CSO VOLUME REDUCTION

Untreated

Receiving Water VYolume Pounds

& Discharge Location MG) BOD SS Cadmium  Lead Zinc

Duwamish 101 52,700 71,000 8.5 230 295
Hanford Storm Drain(2) - 19,900 87,100 32 630 640
Diagonal Storm Drain(2) - 7,600 82,000 3.1 330 520
Michigan Storm Drain(2) - 33,300 97,700 7.3 1,200 980

Elliott Bay 70 29,500 47,500 6.7 149 206
King Storm Drain(?) - 40,000 171,000 126 1,480 1,565
Denny CSO Outfall 44,000 37,000 9.0 200 320

Ship Canal/

Lgmmmy_g& 40 5,800 18,400 04 80 80
NSA Storm Drains - 28,000 160,000 49 910 910
Green Lake/I-5 Drain - 20,700 175,600 4.7 790 770

Lake Washington/Unjopn Bay 2 400 1,200 0 4 4

Central Basin(® ~ 297,600 233300  59.0 1,395 1,520

(1) Based upon a year with average rainfall,
(2) Load from separated stormwater.
(3) CSO-related loads after being conveyed and treated at a central treatment facility.




APPENDIX B

COSTS OF INCREASING
SIZE OF REGIONAL CONVEYANCE
AND TREATMENT
FOR
CSO REDUCTION

(Costs calculated by secondary planning team)
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APPENDIX C

PROJECT SCHEDULING USED TO DEVELOP
PRESENT-WORTH COSTS FOR
PHASED CONSTRUCTION
AND
SUMMARY OF RESULTS







CSO CONTROL
SECONDARY ALTERNATIVES 1 AND 2
75 PERCENT CSO VOLUME REDUCTION

Year Year
Project Initiated On-Line

Hanford Separation 1986 1990
CATAD Modifications 1986 1990
Green Lake/I-5 Separation 1986 1992
Added Secondary Plant O&M 1994
Alki CSO Plant 1988 1994
Paralle]l Fort Lawton Tunnel 1992 1998
Carkeek CSO Plant 1990 1994
Michigan Separation (10%) 1992 1996
Kingdome Separation 1995 2001
Diagonal Separation 1998 2002
NSA Separation Projects 1998 2006

CSO CONTROL
SECONDARY ALTERNATIVES 1 AND 2
90 PERCENT CSO YOLUME REDUCTION -

Year Year

Project Initiated n-Lin
CATAD Modifications 1986 1990
Hanford Separation 1986 1990
Green Lake/I-5 Separation 1986 1992
Added Secondary Plant O&M 1994
Alki CSO Plant 1988 1994
Parallel Fort Lawton Tunnel 1993 1999
Carkeek CSO Plant 1990 1994
Denny CSO Plant 1996 2002
Diagonal Separation 1995 1999
Michigan Separation (10%) 2000 2006
Kingdome Separation 1994 2000
NSA Separation Projects 1988 1996
NSA Separation (added) 2000 2006
Michigan Separation (to 67%) 2000 2006
University Storage 1991 1997




CSO CONTROL
SECONDARY ALTERNATIVES 1 AND 2
KNEE-OF-CURVE PROJECTS

Year Year
Project Initiated On-Line
CATAD Modifications 1986 1990
Hanford Separation/ 1986 1990
Green Lake/I-5 Separation 1986 1992
Added Secondary Plant O&M 1994
Kingdome Separation 1992 1998
Diagonal Separation 1998 2002
CSO CONTROL
SECONDARY ALTERNATIVES 3 AND 4
75 PERCENT CSO VOLUME REDUCTION

Year Year

Project Initiated n-Lin
Hanford Separation 1986 1990
CATAD Modifications 1986 © 1990
Green Lake/I-5 Separation 1986 1992
Parallel Fort Lawton Tunnel 1991 1997
Alki CSO Equalization 1988 1994
Carkeek CSO Plant 1990 1994
Denny CSO Plant 1995 2001
Kingdome Separation 1992 1998
Diagonal Separation 1994 1998
— NSA Separation Projects 1997 2005
Michigan Separation (90%) 1998 2004
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CSO CONTROL

SECONDARY ALTERNATIVES 3 AND 4
90 PERCENT CSO VOLUME REDUCTION

Year Year
Project Initiated On-Line
Hanford Separation 1986 1990
CATAD Modifications 1986 1990
Green Lake/I-5 Separation 1986 1992
Parallel Fort Lawton Tunnel 1988 1994
Alki CSO Equalization 1988 1994
Carkeek CSO Plant 1990 1994
Denny CSO Plant 1994 2000
University Storage 1991 1997
Diagonal Separation 1995 1999
NSA Separation Projects 1988 1996
Michigan Separation 2000 2006
Duwamish CSO Plant (100 mgd) 1997 2003
Kingdome Separation 2000 2006
— NSA Separation (added) 2000 2006
CSO CONTROL
SECONDARY ALTERNATIVE 4
KNEE-OF-CURVE PROJECTS
Year Year
Project Initiated On-Line
(CATAD Modifications 1986 1990 =
')Hanford Reduction 1986 1990
| Green Lake/I-5 Separation 1986 1992
. Kingdome Separation 1992 1998
© Diagonal Separation 1996 2000
| Michigan Separation (90%) 2000 2006 N
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CSO CONTROL
SECONDARY ALTERNATIVE 5SD: LARGE DUWAMISH
75 PERCENT CSO YOLUME REDUCTION

Year Year
Project Initiated On-Line

Hanford Separation 1986 1990

CATAD Modifications 1986 1990

« — Green Lake/I-5 Separation 1986 1992

. Conveyance Improvements 1988 1994

Alki and Carkeek CSO Plants 1988 1994

Added Secondary Plant O&M 1994

Fort Lawton Storage — 1993 -~ 1997

-EBI Storage 1989 1995

# ~——Diagonal Separation 1995 1999

NSA Separation Projects -21995 2003

« ———pKingdome Separation -2000 P 2006
A, AFELE e Atnone c}‘iff"‘ﬁ o ¥ie, . Ao da 5 Vs & EEN iaten

CSO CONTROL
SECONDARY ALTERNATIVE 5D: LARGE DUWAMISH
90 PERCENT CSO YOLUME REDUCTION

: Year Year
Project Initiated On-Line

CATAD Modifications 1986 1990
Hanford Separation 1986 1990
Green Lake/I-5 Separation 1986 1992
Fort Lawton Storage 1992 1996
Added Secondary Plant O&M 1994
Conveyance Improvements 1988 1994
Alki and Carkeek CSO Plants 1988 : 1994
EBI Storage 1989 1995
NSA Separation Projects 1991 1999
Diagonal Separation 1996 2000
Kingdome Separation 1997 2001
University Storage 1997 2003
Kingdome Separation (balance) 1997 2001
Michigan Separation 2000 2006
NSA Separation (added) 2002 2006
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CSO CONTROL
SECONDARY ALTERNATIVE 5D: LARGE DUWAMISH
KNEE-OF-CURVE PROJECTS

Year Year
PJDJ%_( Initiated On-Line
A £ Cichecnl PSrn FI8 7T E
Hanford Separation 1986 1990
CATAD Modifications 1986 1990
Green Lake/I-5 Separation 1986 1992
Convevance Improvements 1988 1994
Added Secondary Plant O&M 1994
EBI Storage 1954 2000
Diagonal Separation 2000 2004

CSO CONTROL
SECONDARY ALTERNATIVE 5I: LARGE INTERBAY
75 PERCENT VOLUME REDUCTION

Year Year

Project Initiated On-Line

i Hanford Separation 1986 1990

CATAD Modifications 1986 1990
Green Lake/I-5 Separation 1986 1992
Alki and Carkeek CSO Plants 1988 1994
Conveyance Improvements 1988 1994
NSA Separation Projects 1991 1997
Diagonal Separation 1995 1999
.~ Kingdome Separation 1996 2002
1 Michigan Separation 1997 2003
/\__I_J_niversity Storage 2000 2006
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CSO CONTROL
SECONDARY ALTERNATIVE 5I: LARGE INTERBAY
90 PERCENT CSO VOLUME REDUCTION

Year Year
Project Initiated On-Line

CATAD Modifications 1986 1990
Hanford Separation 1986 1990
Green Lake/I-5 Separation 1986 1992
Alki and Carkeek CSO Plants 1988 1994
Conveyance Improvements 1988 1994
Denny CSO Plant 1995 2001
Diagonal Separation 1995 1999
NSA Separation Projects 1991 1997
Kingdome Separation 1998 2004
Michigan Separation 1997 2003
University Storage 1992 1998
Michigan Separation (balance) 1997 2003
NSA Separation Projects (balance) 2000 2006

CSO CONTROL
SECONDARY ALTERNATIVE 5S: SPLIT INTERBAY/DUWAMISH
75 PERCENT CSO YOLUME REDUCTION

Year Year
Project Initiated On-Line

Hanford Separation 1986 1990
CATAD Modifications 1986 1990
Green Lake/I-5 Separation 1986 1992
Added Secondary Plant O&M 1994
Added Conveyance from King Street 1988 1994
Conveyance Improvements 1988 1994
Alki and Carkeek CSO Plants 1988 1994
EBI Storage 1991 1995
Diagonal Separation 1993 1997
NSA Separation Projects 1990 1998
University Storage 1995 2001
Kingdome Separation 1995 2001
Michigan Separation 1998 2006




p g

CSO CONTROL
SECONDARY ALTERNATIVE S5S: SPLIT INTERBAY/DUWAMISH

90 PERCENT CSO VOLUME REDUCTION

Project

CATAD Modifications
Hanford Separation

Green Lake/I-5 Separation
Added Secondary Plant O&M
Alki and Carkeek CSO Plants
Conveyance Improvements
Added Conveyance from King Street
EBI Storage

Denny CSO Plant

NSA Separation Projects

NSA Separation (added)
Diagonal Separation
University Storage

Kingdome Separation
Michigan Separation (balance)
NSA Separation (balance)
Michigan Separation

Year
Initiated

1986
1986
1986

1988
1988
1988
1991
1997
1990
1994
1996
1991
2000
2000
2002
2002

Year

On-Line

1990
1990
1992
1994
1994
1994
1994
1995
2003
1998
2000
2000
1997
2006
2006
2006
2006
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SUMMARY

PRESENT WORTH OF CSO CONTROL COSTS
USING PHASED PROJECT CONSTRUCTION

Secondary Percent Discount Present Worth, $1988 Million
Alternative Reduction Rate Capital O&M Ea. Rep.  Total
1&2 75 10.0 92.89 9.81 1.07 103.77
" 75 85 89.13 10.70 1.19 101.02
" 90 10.0 174.96 10.95 1.81 187.72
" 90 8.5 167.60 11.96 2.02 181.58
3&4 75 10.0 152.92 3.32 1.00 157.24
" 75 8.5 146.29 3.64 1.11 151.04
" 90 10.0 249.63 4.90 1.72 256.25
" 90 8.5 238.40 541 1.93 245.74
51 75 10.0 120.62 7.34 0.48 128.44
" 75 8.5 116.35 8.00 0.53 124.88
" 90 10.0 189.90 8.38 1.37 199.65
" 90 8.5 181.90 9.15 1.52 192.57
5D 75 10.0 115.73 11.03 047 127.23
" 75 8.5 112.19 12.03 0.52 124.74
" 90 10.0 165.28 11.27 0.48 177.03
" 90 8.5 159.09 12.30 0.53 171.92
58 75 10.0 125.28 11.19 049  136.96
" 75 8.5 12119 1221 0.54  133.94
" 90 10.0 193.31 11.86 1.04 206.21
" 90 5 185.23 12.95 1.16 199.34
8 9.3 “’/A/& & Cortoest:
2 KOocC* 10.0 35.64 3.54 -0- 39.18 &/

" " 8.5 34.84 3.85 -0- 38.38

4 KOC* 10.0 50.55 0.04 -0- 50.59 /5
" " 8.5 48.62 0.04 -0- 48.66

5D Koc* 10.0 64.40 4.04 0- 6844 'Gp
" " 8.5 63.11 4.46 -0- 67.57

* Knee of the Cost/Benefit Curve
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